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SECTION I.—AIR AND FALLOUT 


Fission Product Beta Activity in Airborne Particulates and Precipitation 


Early indications of possible fission product 
activity fluctuations in various phases of the en- 
vironment are detectable by continous surveillance 
of gross beta activity in air and precipitation. 
This form of surveillance does not provide suffi- 
cient information for assessing human exposure 
due to fallout, but it forms a basis for an alerting 
system and is useful in determining when and 
where to conduct more intensive monitoring of 
radioactivity in food, milk, and water. 

Gross beta concentrations in air for August 1963 
are presented in reports from the Public Health 
Service, the Canadian Department of National 
Health and Welfare, and the Pan American Health 
Organization. Network intercalibration factors, 
determined by Lockhart and Patterson (/), were 
used in constructing the isogram map (figure 4), 
which presents data on Canadian and U.S. gross 
beta radioactivity in air for August. To adjust 
the data from the two networks to a common base- 
line, the U.S. data were multiplied by a factor of 
1.54, the U.S.-Canadian intercalibration factor 
suggested by the NRL study. 


REFERENCE 


(1) Lockhart, L. B. Jr., and R. L. Patterson, Jr.: Jntercali- 
bration of Some Systems Employed in Monitoring Fission 
Products in the Atmosphere, NRL Report 5850, Naval 
Research Laboratory, Washington, D.C. (November 13, 
1962); abstracted in Radiological Health Data, December 
1962. 


RADIATION SURVEILLANCE NETWORK 
August 1963 


Division of Radiological Health, 
Public Health Service 


The Radiation Surveillance Network (RSN) is 
made up of 72 sampling stations distributed 
throughout the United States (see figure 1). Most 
of these stations are operated by State Health 
Department personnel. 


December 1963 


Air 


Airborne particulates are collected continuously 
on a carbon-loaded cellulose dust filter, 4 inches in 
diameter. A volume of about 1,800 cubic meters 
of air is drawn through the filter during the 24- 
hour sampling period by a high volume centrifugal 
blower. Field estimates of gross beta activity of 
airborne particulates are derived by comparing 
portable survey meter readings of these filters with 
readings taken from a Sr®*-Y°*° standard. This 
determination is usually made about 5 hours after 
the end of the sampling period to eliminate inter- 
ference from naturally-occurring radon daughters. 
The Network’s station operators report their field 
estimates daily by telephone to the Radiation 
Surveillance Center, Division of Radiological 
Health, Washington, D.C. From thisinformation, 
a daily national report is prepared. 


The filters are then forwarded to the Radiation 
Surveillance Network laboratory in Rockville, 
Maryland, for a more refined measurement using 
a thin-window, gas-flow proportional counter, 
calibrated with a 40,000-pe Sr*-Y°* standard 
source. Each filter is counted at least 3 days after 
the end of the sampling period and is re-counted 
7 days later. The initial 3-day aging of the sample 
eliminates interference from naturally-occurring 
radon and thoron daughters. From the two 
counts, which are separated by the 7-day interval, 
it is possible to estimate the age of fission products 
and to extrapolate the activity to the time of collec- 
tion. The extrapolation is performed by using the 
Way-Wigner formula: AT! = C (/)'. The daily 
concentrations and estimated age are reported by 
the PHSina monthly RSN report (2). 


' In this expression, A is the activity, T is the time (in any 
time unit) after fission product formation, and C is a constant 
equal to the activity at T = 1. 
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FIGURE 1. 


The August 1963 average fission-product beta 
concentrations in surface air (extrapolated values) 
are given in table 1. RSN and Pan American data 
are adjusted by the intercalibration factor 1.54,” 
and presented with Canadian air data in the form 
of isogram lines in figure 4, which shows the distri- 
bution of fission product activity over those por- 
tions of North American where air monitoring 
networks are intercalibrated. 


Precipitation 


Continuous sampling for total precipitation is 
conducted at most stations on a daily basis, using 
funnels with collection areas of 0.4 square meter. 
A 500-m] aliquot of the collected precipitation is 
evaporated to dryness, and the residue is for- 
warded to the laboratory to be counted by the 
same method used for analyzing the air samples, 
including extrapolation to the time of collection. 
If the collected sample is between 200 and 500 ml, 


2 See reference (1) on page 579. 
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RADIATION SURVEILLANCE NETWORK SAMPLING STATIONS, AUGUST 1963 


the entire sample is evaporated. When a sample 
is smaller than 200 ml (equivalent to 0.5 mm or 
0.02 inches of rainfall), the volume of precipita- 
tion is reported, but no analysis is made. August 
1963 averages of gross beta activity in precipita- 
tion, expressed as picocuries per liter and as nano- 
curies per square meter, are presented in table 2 


Profiles 


The profiles of the monthly average fission 
product beta activity in airborne particulates for 
each station covering the period of time from the 
formation of the network in 1956 to the end of 1960 
were published in the July 1961 issue of RHD. 
The profiles of 7 stations, through August 1963, 
are shown in figure 2. 


REFERENCES 


(1) Way, K., and E. P. Wigner: The Rate of Decay of Fis- 
sion Products, Physical Review, 73:1318-30 (June 1, 1948). 

(2) Radiation Surveillance Network: Monthly Tabulation of 
Findings, Division of Radiological Health, Public Health 
Service, Washington, D.C. 20201 (Distribution by 
official request). 
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TABLE 1.—FISSION PRODUCT GROSS BETA AC- 
TIVITY IN SURFACE AIR, AUGUST 1963 


(Concentrations in pc/m*] 





Number | Last 
Station location of Max- | Min- | Aver- profile 
samples | imum | imum | age* | in RHD 





| 
| 
| 








Alaska: Adak... ....---| 30 | 2.8 |<0.10| 1.3 | Nov. 1963 
Anchorage-_----. 30 4.6 0.22 1.9 | July 1963 
eae $1 3.7 | <0.10 1.2 | Dee. 1963 
Fairbanks - . ._-- | 14 3.4 | <0.10 1.5 | Aug. 1963 
a 20 5.6 | <0.10 2.2 | Sep. 1963 
| eC 28 | 5.5 | <0.10 1.4 | Oct. 1963 
eee 0 —_ |j—_— _ Feb. 1963 
Point Barrow - .- 28 2.2 |<0.10 | <0.69| Mar. 1963 
St. Paul idan 28 5.1 <0.10 1.2 | Apr. 1963 

Ariz: Phoenix... ___.-_- 30 1.9 | 0.46 1.1 | Sep. 1963 

Ark: Little Rock_---- | 25 | 7.4 0.62 4.5 | Sep. 1963 

Calif: Berkeley - - - ---- 30 3.4 0.39 1.8 | Oct. 1963 
Los Angeles---- 21 | 5.9 1.3 3.3 | Feb. 1963 

Colo: Denver.....__--| 30 | 5.2| 0.55 | 1.8 | Nov. 1963 

Conn: Hartford - - .---- | 29 7.1 0.50 | 3.4 | Oct. 1963 

Del: a 20 | 10 0.27 4.9 | Aug. 1963 

D.C: Washington --_-_-- 30 10 1.8 5.1 | Mar. 1963 

Fla: Jacksonville _ _ . -| 29 3.3 0.40 1.7 | Oct. 1963 
Miami_.....__- 29| 3.9| 0.56| 1.5 | Feb. 1963 

Ga pO eee 17 7.8 1.7 4.9 | July 1963 

Guam Be 28 6 enna 30 0.7 |<0.10 | <0.27| Mar. 1968 

Hawaii: Honolulu_-__--- 30| 3.3] 0.14| 1.6 | Nov. 1963 

Idaho SS 29 13 1.75 5.2 Dec. 1963 

Ill: Springfield_____- 29| 6.8| 1.2 3.7 | Oct. 1962 

Ind: Indianapolis - - -_| 31 7.8 0.48 4.1 | July 1963 

Iowa: Towa City - .---- 24 4.8 1.2 3.0 | Nov. 1962 

Kans: Wes ccdccee $1 7.0 0.37 3.1 | July 1963 

Ky: Frankfort - . - - -- 27| 8.0| 1.0 | 3.9 | Mar. 1963 

La: New Orleans- - -- 80 | 5.4 0.93 2.1 | Nov. 1962 

Maine: Auperts....<<.«- 31 10 | 0.17 3.8 | Mar. 1963 
Presque Isle - - . - 30 7.9 | 0.48 3.2 | Nov. 1963 

Md: Baltimore - . . --- 23} 8.8 |<0.10 4.3 | Nov. 1963 
Rockville__-_--- 9} 7.6) 1.8 | 41) b 

Mass: Lawrence --_---- | 29 | 11 | 0.98 | 4.8 | Aug. 1968 
Winchester - - _ - - | 28 7.6| 0.56| 3.7 

Mich: OS 31; 8.5 1.3 4.0 | Apr. 1963 

Minn: Minneapolis - . - - 30 lah 28 4.0 | Mar. 1963 

Miss: Jackson. ....__-| 27| 7.8| 1.4 | 4.0| Mar. 1963 
Pascagoula - . . _. | 2 | 4.6 | 3.7 | 4.3] Dec. 1963 

| | 

Mo: Jefferson City--- 29 | 5.8 | 0.30 8.2 | Nov. 1963 

Mont: Helena_.....__-| g0| 7.4| 1.4 4.1 | Nov. 1963 

Nebr: 0. eee 9 | 6.7 1.9 4.2 | Apr. 1963 

Nev: Las Vegas _ .---- 30 | 6.3 ie 2.9 | July 1963 

N.H Concord.-__..--.- ie aw * 4.9 b, 

N.J Teemeee.. ....-. | $1 | v.98 | 1.1 4.1 | Oct. 1962 

N. Mex: Santa Fe___----| 29} 3.4| 0.81 1.6] Dee. 1963 

N.Y eee 30 | 8.3 0. 66 4.0 | July 1963 
SS 24 6.5 0.98 3.9 | Nov. 1963 
New York. ----- 19 | 9.0 1.8 4.2 Dec. 1963 

N.C: Gastonia . . ..--- Ss: @2373 &s 4.4 | Oct. 1962 

N. Dak: Bismarck------- | 30 7.5 1.3 4.2 | Feb. 1963 

Ohio Cincinnati - - - - - - 22 6.3 0.73 3.5 | Aug. 1963 
Columbus . . - --- 30 7.9 1.43 4.0 | Feb. 1963 
Painesville __---_| 30 8.9 1.8 5.0 | Oct. 1963 

Okla: Oklahoma City -| $0; 56.1 0. 52 2.6 | Apr. 1963 
Ponca City . __-- 30 3.8 0.20 1.8 | Oct. 1963 

Ore Portland - _ . ._-- 30 | 6.0 1.8 3.5 | Oct. 1963 

Pa Harrisburg ._-__- 17| 11 0.22 | 2.8 | Dec. 1962 

P.R San Juan....... 28 | 2.4) 0.12 0.97| Apr. 1963 

R.I Providence . . . _. 31 8.8 0.85 4.1 | Nov. 1962 

S.C: Columbia... - --| 30 | 5.9 0.56 3.0 | Dec. 1963 

S. Dak: Pierre--_--- Jona $1 | 6.1 | 0.67/| 3.0! Sep. 1963 

Tenn: Nashville ------- | 30 10 } 1.0 5.3 | Feb. 1963 

Tex a 29| 4.5 | 0.53] 1.8 | Aug. 1963 
4 ee | 30 2.2 | 0.45 ._? Feb. 1963 

Utah: Sait Lake City _- 31 4.8) 0.93 1.8 | Aug. 1963 

Vt: Barre. .....- - 30 9.6 | 0.44 3.9 | Sep. 1963 

Va: Richmond - - - - - -| 29; 5.4] 0.81 8.1 | Sep. 1963 

Wash: as | 31 | 2.2) 0.83 1.5 July 1963 

W. Va: Charleston__-_-- | 24 | 5.8 0.74 3.0 | Dee. 1963 

Wisc: Madison--------| 31 9.2 1.9 5.2 | Sep. 1963 

Wyo: Cheyenne_-____-_-_| 28; 5.2| 0.61 2.0 | Aug. 1963 

Network summary -------- | 1,914] 18 |<0.10| 3.1 


* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If the <0.10 values represent more than 10% 
of the average, a less-than sign is placed in front of the average. 

> Initial profile scheduled for a future issue. 


December 1963 


TABLE 


Alaska: 


* Depth of precipitation (mm) = 


2.—GROSS BETA ACTIVITY IN PRECIPITA- 
TION, AUGUST 1963 


Average 
concen- Total 
Station location tration deposition * 
(pe /liter) (ne /m?) 

Anchorage — 730 4n 
Fairbanks - sani 1, 000 80 
Juneau ‘ 1. 100 56 
Little Rock , a 490 44 
Berkeley . ; b b— 
Los Angeles . - - 

is 1,100 53 
I 1, 400 48 
Washington... ._.--. 660 7$ 
Jacksonville _ . .. 440 100 
Miami. ; * 410 53 
Atlanta. ._.-.- _ — 

Boise _ - ‘ — | — 
Springfield c 400 24 
Indianapolis ; 1, 400 74 
Iowa City <400 <7 
Topeka - 960 27 
Frankfort 590 | 34 
New Orleans . 570 98 
Augusta . . 1, 300 120 
Presque Isle __ wine 700 130 
cies eerianetl = 810 40 
Lawrence ___ _. 1,900 120 
Winchester - : . 1,500 | 91 
Lansing - - - . 800 71 
Minneapolis - ince 1, 000 45 
Jackson ; ws : 57 11 
Jefferson City aaa 590 41 
Helena nkena 83,100 39 
Lincoln 1, 800 24 
BE ye — a 
5 a 1, 200 12 
Santa Fe bootedetaedaee 620 | 28 
EE tee Sake 820 38 
SE — —_— 
Gastonia .......... Sapaia eel 410 25 
I tnetedncemaneaemen 1, 700 61 
Columbus - - - - - - - - sia ; 820 98 
Painesville _-- j 930 48 
Oklahoma City . - . .- _ <400 <7 
Ponca City. -.-.-.-.-. ; . 420 18 
See i 460 a 
Harrisburg . - - ; ? 1, 000 7 
San Juan 410 36 
Providence 1, 300 53 
Columbia - . - - 940 54 
Pierre 550 13 
Nashville ‘ 640 83 
Austin . ape el 400 22 
El Paso - 550 14 
Salt Lake City 740 15 
Barre 1, 100 7 
Richmond.-. aie 1,200 29 
SARA at 1, 200 21 
Charleston . - . ._- ; 990 58 
Madison ______. “ts 1, 000 71 
Cheyenne 1,100 } 47 


deposition (nc/m* X 1000) 
concentration (pc /liter) 


> Dash indicates no evaporated sample received. 
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FIGURE 2. 


RADIATION SURVEILLANCE NETWORK, 1957-AUGUST 1963 





MONTHLY AND YEARLY PROFILES OF BETA ACTIVITY IN AIR, 
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CANADIAN AIR MONITORING PROGRAM 
August 1963 


Department of National Health and Welfare, 
Ottawa, Canada 


As part of its Radioactive Fallout Study Pro- 
gram (RFSP), the Radiation Protection Division 
of the Canadian Department of National Health 
and Welfare monitors air and precipitation. 
Twenty-four RFSP collection stations are located 
at airports (see figure 3) where the sampling equip- 
ment is operated by personnel from the Meteoro- 
logical Services Branch of the Department of 
Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpreta- 
tion of results of the radioactive fallout program 
are contained in reports of the Department of 
National Health and Welfare (1-5). 


Air 


Each air sample involves the collection of par- 
ticulates from about 650 cubic meters of air drawn 
through a high-efficiency 4-inch-diameter filter 
during a 24-hour period. These filters are sent 
daily to the Radiation Protection Division Labora- 








tory in Ottawa. At the laboratory, a 2-inch- 
diameter disk is cut from each filter and counted 
with a thin-end-window, gas flow Geiger-Mueller 
counter system, calibrated with a Sr®°—-Y° stand- 


TABLE 3.—FISSION PRODUCT GROSS BETA ACTI- 


VITY IN AIR—RFSP, AUGUST 1963 


[Average concentrations in pe/m! 


Number 
Station of Maximum Minimum | Average 
samples 
Calgary - 30 21.0 1.2 6.7 
Coral Harbour 29 8.3 0.1 2.4 
Edmonton 31 14.1 0.1 6.0 
Ft. Churchill 27 7.8 0.1 is 
Ft. William $1 BY 1.9 5.7 
Fredericton 31 9.1 0.4 4.5 
Goose Bay 30 8.3 0.3 3.2 
Halifax — 31 12.3 0.2 4.5 
Inuvik aaa inidhde 31 9.2 0.5 3.5 
Montreal ; 4 31 11.2 1.0 5.6 
Moosonee - . ae ve 31 13.9 0.4 4.8 
Ottawa bahaciaes . 31 12.0 1.0 >. 7 
Quebec.___-_- hug = $1 12.8 0.7 5.1 
Regina 3 ar 31 13.7 2.5 7.0 
Resolute . __ ._- , 31 3.2 0.1 1.0 
St. John’s, Nfid....-.-. 31 | 7.5 0.5 2.8 
Saskatoon __-. — 27 16.0 2.1 7.1 
Sault Ste. Marie $1 11.9 1.3 ».9 
Toronto... , : 28 10.5 0.8 7 
Vancouver : 29 5.0 1.3 3.3 
Whitehorse 30 10.9 1.5 5.2 
Windsor 30 11.0 0.6 6.3 
Winnipeg 31 12.0 2.9 Tad 
Yellowknife 31 10.2 0.3 4.2 
Network summary 725 21.0 0.1 4.8 
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FIGURE 3.—CANADIAN AIR AND PRECIPITATION SAMPLING STATIONS, 
AUGUST 1963 


December 1963 
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ard. Four successive measurements are made on 
each filter to permit correction for natural activi- 
ties and for the decay of short-lived fission pro- 
ducts. The results are extrapolated to the end of 
the sampling period. Canadian air data for August 
1963 are given in table 3 and presented in con- 
junction with U.S. adjusted air data by the iso- 
gram map (figure 4). 


TABLE 4.—FISSION PRODUCT GROSS BETA ACTI- 
VITY IN PRECIPITATION, CANADA, AUGUST 1963 


Total beta activity 











| 
Station 
| pe/liter | ne/m? 

EE eee ee ee ee 9, 072 152.0 
ES EER LIE 2, 937 88.0 
ae Tree 3,113 86.1 
Ft. Churchill a ee ee ee 3, 351 40.0 
Ft. William. -_-_-_--_- a Casuedl ; 1, 683 155.9 
Fredericton - acd ie 1, 633 224.2 
Goose Bay - — or me a a 

a a a a -| 1, 138 180.8 
Inuvik ..__-- 2,470 52.0 
SO ear 2,024 302.0 
Moossonee 3, 046 129.9 
tis and enchant aaieaatived ein 1, 708 231.0 
Quebec Se ee ee mee 1, 241 211.4 
Regina cutisame he eee ee ee. 2, 660 135.7 
Resolute wees ; annotate 216 28.6 
St. John’s, Nfld. __-.-- PRE SIRS Ses oe 788 130.1 
ES TE TO ATTEETE 4, 084 | 178.3 
SS eee aa 1, 542 | 186.7 
Toronto _- Jk ep letthiss satan thief epaivit tees 678 43.5 
ee : 4, 800 69.4 
Whitehorse _____.__-- on 3, 639 73.0 
Windsor -.- ----- ss eimai oo ecennes=e] 1,693 71.3 
RS Sa a 2,227 118.2 
a 2,979 122.5 
NN iis ene ee ee 2,553 130.9 


* No sample. 


Precipitation 


The amount of radioactive fallout deposited on 
the ground is determined from measurements on 
material collected in special polythene-lined rain- 
fall pots. The collection period for each sample is 
one month. After transfer of the water to the 
sampling container the polythene liner is removed, 
packed with the sample, and sent to the labora- 
tory. Beta activities in precipitation for stations 
in Canada are presented in table 4. 
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PAN AMERICAN AIR 
SAMPLING PROGRAM 
August 1963 


Pan American Health Organization 
and Public Health Service 


Gross beta activity in air is being monitored at 
three locations in South America under the 
auspices of a collaborative radiological health pro- 
gram between the Pan American Health Organiza- 
tion and the Public Health Service. 
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The three air sampling stations presently in- 
cluded in the program are located in Santiago, 
Chile; Lima, Peru; and Caracas, Venezuela. The 
Caracas station was activated in November 1962 
and the other two stations entered in December of 
the same year. 

The air sampling stations are manned by local 
personnel, and the sampling equipment and labora- 
tory analyses are provided by the Public Health 
Service. Equipment and counting procedures are 
identical with those employed for the Radiation 
Surveillance Network. For intercalibration pur- 
poses, the two networks may, therefore, be re- 
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garded as one. Thus in figure 4, the Caracas 
station has been included with the Radiation 
Surveillance Network and the Canadian Air Net- 
work in the beta concentration isogram map. As 
with the Radiation Surveillance Network, an 
intercalibration factor of 1.54 was applied to the 
Caracas monthly average. Fission product gross 
beta activity data for August 1963 are presented 
in table 5. 






TABLE 5. 
1963 


Concentrations ir 


Number 
Sampling stations of Maximum Minimun 
samples 
Caracas, Venezuela 22 1.73 <0.10 
Lima Peru 14 1 <0.1 
Santiago, Chil a 0.20 <0. 1K 
The monthly average is calculated | weighting the ind 
with length of sampling period. Values of 1.10 are assume 
for averaging purposes. If the <0.1' ilues represent mor 
of the average, a less-than sign is placed in front of the averag: 
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FIGURE 4. 
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ISOGRAMS OF AIRBORNE GROSS BETA ACTIVITY FOR INTERCALI- 
BRATED NETWORKS, AUGUST 1963 





GROSS BETA ACTIVITY IN AIR, AUGUST 
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Fission Product Gamma Activity in Airborne Particulates 


THE 80th MERIDIAN NETWORK 
June and July 1963 


William R. Collins Jr. 


Total gamma activity measurements for weekly 
ground-level air filter samples taken at the 80th 
Meridian stations (see figure 1) during June and 
July 1963 are listed in tables 1 and 2, respectively. 
Calculated ratios of gamma activity in excess of 1 
Mev to total gamma activity are also listed in the 
tables. Average monthly total gamma activity 
concentrations calculated from the weekly values 
are plotted in figure 2 as an activity-latitude 
profile. For comparison, the profile of the second 
quarter 1963 averages is also included in figure 2. 
The gamma activity results for June and July 
show a general decrease in ground-level air concen 
trations in the Northern Hemisphere but little 
change or slight increase in the Southern Hemi- 
sphere with respect to second quarter averages. 
Maximum concentrations occurred, as usual, in 
both hemispheres in the mid-latitudes with minima 
in the equatorial and polar regions. The average 
value for June at the northern stations was 3.9 
photons per minute per cubic meter (y/min/m‘) 
with a range of from 1.4 to 5.8 y/min/m*. At the 
southern stations the average was 0.086 with a 
range of from 0.039 to 0.13 y/min/m*). 

In July the average value for the Northern 
Hemisphere was 3.5 y/min/m* with a range of 
from 1.08 to 5.7 y/min/m*. At the Southern 
Hemisphere stations the average concentration 
was 0.101 with a range of from 0.030 to 0.21. 

Total beta activity estimates, which are usually 
given in these reports, are not given for the June 
or July samples because of the detection of signif- 
icant concentrations of activation products with 
high energy to total gamma activity ratios and 
theoretical beta to gamma activity ratics that are 
appreciably different from those of mixed fission 
products. Since debris from even the latest of the 
1962 nuclear tests would have been more than 150 
days old by the end of May 1963, only about 1 per- 
cent of the total gamma activity in the June 1963 


' Mr. Collins is a staff member of the Health and Safety 
Laboratory, U.S. Atomic Energy Commission, 376 Hudson 
Street, New York City. 
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samples would be expected to be of energies higher 
than 1 Mev, and the total beta activity of the 
samples would be expected to be about three times 
the total gamma activity. The actual high-energy 
gamma to total gamma activity ratios in June 
range from 0.024 to 0.18 with averages of 0.051 and 
0.074 for the Northern and Southern hemispheres, 
respectively. The most prominent high energy 
component of the sample spectra appears to be 
Sb’, which has a theoretical beta-to-gamma 
activity ratio of 1.0. 
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FIGURE 1.- 


If it is assumed that the disparity between the 
actual and expected high energy to total gamma 
activity ratios is caused by Sb'*‘ alone, it is esti- 
mated that during June about 14 percent of the 
average monthly total gamma activity concentra- 
tion in the Northern Hemisphere and 27 percent of 
the average in the Southern Hemisphere were due 
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to Sb" activity. These estimates might be used to activity to total beta activity is possible without 
obtain estimates of total fission product beta further knowledge of the individual activation 
activity, but no valid conversion from total gamma product concentrations. In a similar way, it was 


TARLE 1.—ACTIVITY OF SURFACE AIR, 80TH MERIDIAN NETWORK, JUNE 1963 





| Gamma activity G: , Gamma activity | G . 
Sampling | (photons/min/m!‘) zamma | Sampling | (photons/min/m yamma 
tio | ratio 
period —— | ; ra period 
Sampling station dates— ( > 1 Me “) Sampling station dates ( 1 Mev 
noon to | Ave rage total ¥ noon to | Average al 
noon) Filter | for noon I , a for 
month nonth 
> ae Sees ee | | : 
Ol _ 1-8 | 1.70 | 0.054 Guayaquil ~ 0.051 0.090 
8-15 | 2.88 | 0.055 x 5 0. OR4 0. OR2 
15-22 | 1.84 0. 054 15-22 | 0.0599 0.096 
22-7/1 | 2.29 2.18 0.052 22-7/1 0.0719 0.0669 | 0.108 
| 
Moossonee — a 1-8 | 4. 56 0. 052 Lima 1-8 0.077 | 0.051 
8-15 | 4 72 0.051 8-15 | 0.101 | 0. 056 
15-22 | 5.41 0.054 22 0. O778 | 0.076 
22-7/1 | 8.64 ». 83 0.052 22-7/1 | Oo 128 0.0961 0.078 
' 
New York-...-..- 1-8 3.72 0. 058 Chacaltaya 1-8 | 0.0587 0. 052 
8-15 3.62 0.057 R15 | 0.0959 0.051 
15-22 8.01 0. 060 15-22 | 0.135 0. 057 
| 22-7/1 5.09 5.11 0.057 2-7/1 0.238 0. 182 0.054 
Washington angncne 1-8 3.16 0.051 Antofagasta 1-8 0.104 0. 065 
} 8-15 6.27 0.054 8-15 0.0950 0.048 
5-22 8.76 0. 053 15-22 0.135 0.053 
| 22-7/1 | 9.09 6. 82 0.053 2-7/1 | 0.135 0.117 0.053 
EG datunduekaéawed 1-8 2.50 0.039 Santiago 1-8 0.0783 | 0.111 
8-15 2.50 0.050 8-15 | 0.0849 0.110 
15-22 3.46 0.051 15-22 0.152 0.076 
22-7/1 | 3.44 2.98 0. 050 22-7/1 | 0.0804 | 0.0989 0. 107 
RS ee 1-8 3. 57 0.052 Puerto Montt 1-8 0.0499 0. 088 
8-15 3. 36 0.053 8-1 ». 03 0.105 
15-22 3.77 0.051 l 29 0638 0. 090 
22-7/1 3.81 3.63 0.051 22-7/1 0.0473 0. 0497 0.122 
- | 
i ies ccudacancoen 1-8 2.65 0.053 Punta Arenas 1-8 0.0494 0.104 
R-15 4.75 0.051 R-] 0169 0.176 
15-22 2.63 0. 050 15-22 042 0. OR4 
22-7/1 2.84 3.22 0.051 22 l 0479 ). 0392 | 0.127 
Ee 1-8 96 0.053 
8-15 0. 0389 | 0.024 
15-22 866 0.051 
22-7/1 2. 54 1.35 | 0.047 
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FIGURE 2.-PROFILE OF SURFACE AIR GAMMA ACTIVITY, SECOND QUARTER, JUNE AND JULY, 1963 
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TARLE 2.—ACTIVITY OF SURFACE AIR, 80TH MERIDIAN NETWORK, JULY 1963 


Gamma activity 


Sampling | (photons/min/m!) Gamma 
period ratio 
Sampling station (dates— ( > 1 wey) 
noon to Average total + 
noon) Filter for 
month 

Thule 1-8 1.09 0.039 
8-15 3.05 0.041 
15-22 1.98 0.034 
22-8/1 1. 88 2.00 0. 032 
Moosonee . —ev 1-8 3.64 0.034 
8-15 5.51 0.040 
15-22 3.19 0.038 
22-8/1 | 4.75 4.23 | 0. 032 
New York 1-8 4.69 0. 042 
8-15 1.09 0.042 
15-22 3.16 0.040 
22-8/1 3. 92 3.72 0.042 
Washington 1-8 6.90 0.033 
8-15 6. 26 0.040 
15-22 5.19 0.033 
22-8/1 4.51 5.72 0.039 
Miami . 1-8 2.05 0. 032 
8-15 2.42 0.039 
15-22 3. 82 0.039 
22-8/1 | 3.91 3.05 0. 039 
Mauna Loa 1-8 4.39 0.041 
8-15 4.75 0.040 
15-22 2.47 0.039 
22-8/1 0.971 3.15 0.040 
San Juan si ded 1-8 2.50 0. 036 
8-15 2.82 0.037 
15-22 5.29 0.039 
22-8/1 2.83 5.04 0.040 
DN. cnc sanadeaabe 1-8 0.376 0. 028 
8-15 0.894 0. 040 
15-22 0.484 0.039 
22-8/1 | 1.138 1. 08 0.040 


estimated that an average of about 10 percent of 
July activity concentrations in both hemispheres 
resulted from activation products. 
An indication of the accuracy of the total 
activation product activity approximations is 
given by the results of gamma ray spectrometric 
analyses of Apriland May 80th Meridian samples. 
Since no photopeaks of higher energy than the 
Sb”* peaks appeared in the sample spectra for 
these two months, Sb'** could be determined by a 
relatively simple stripping technique. For April 
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Gamma activity 


Sampling | (photons/min/m!) Gamma 
period ras ratio 
Sampling station dates- (? >1 Mev) 
noon to Average total + 
noon) Filter for 
month 

Guayaquil _- 1-8 0. 0967 0. 037 
8-15 0. 0447 0.044 
15-22 0. 0893 0. 022 
22-8/1 0. 0760 0. O767 0. 046 
Lima 1-8 0.112 0. 032 
8-15 0. 0978 0. 038 
15-22 0.123 0. 036 
22-8/1 0.186 0.130 0.040 
Chacaltaya - - 1-8 0. 162 0. 038 
8-15 0.204 0.042 
15-22 0.105 0.043 
22-8/1 | 0.365 0.209 0.043 
Antofagasta 1-8 0. 160 0.033 
8-15 0.117 0. 026 
15-22 0.108 0.043 
22-8/1 | 0.219 0.151 0.049 
Santiago 1-8 0.0546 0.015 
8-15 0.0275 0. 066 
15-22 0.133 0.047 
22-8/1 0.0629 | 0.0695 0.045 
Puerto Montt 1-8 0.0431 0. 047 
8-15 0. 0506 0.025 
15-22 0. 0363 0. 020 
22-8/1 | 0.0302 | 0.0401 0.047 
Punta Arenas 1-8 0.0233 | 0.041 
8-15 0.0538 | 0. 038 
15-22 0. 0230 0. 024 
22-8/1 0.0185 | 0.0297 0. 086 


the results averaged 0.36 d/min/m# or 3.0 percent 
of the total gamma activity and 0.021 d/min/m? 
or 10 percent of the total gamma activity for the 
Northern and Southern Hemispheres, respec- 
tively. For May the results averaged 0.26 d/min/ 
m*® or 4.1 percent and 0.0067 d/min/m* or 7.3 
percent of the Northern and Southern Hemispheres 
respectively. These values agree with those 
calculated from the difference in expected and 
actual high-energy gamma to total gamma 
activity ratios to better than 20 percent. 
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Milk Surveillance 


Although milk is only one of the many sources 
of dietary intake of radionuclides, it is the single 
food item most often used as an indicator of the 
population’s intake of radionuclides from the 
environment. This is because fresh milk is con- 
sumed by a large segment of the United States 
population and contains most of the radionuclides 


SECTION I1.—MILK AND FOOD 


occurring in the environment which have been 
identified as being biologically important. In 
addition, milk is produced and consumed on a 
regular basis, is convenient to handle, is easily 
analyzed, and samples which are representative of 
milk consumption in any area can be readily 
obtained. 





PASTEURIZED MILK NETWORK 
August 1963 


Division of Radiological Healih and 
Division of Environmental Engineering and 
Food Protection, Public Health Service 


The Public Health Service pasteurized milk 
radionuclide surveillance program had its origin 
in a raw milk monitoring network established by 
the Service in 1957. One of the primary objectives 
of this network was the development of methods 
for milk collection and radiochemical analysis 
suitable for larger scale programs. 

Experience derived from this earlier network led 
to the activation of a pasteurized milk sampling 
program with stations selected to provide nation- 
wide surveillance of milk production and consump- 
tion areas. More milk sampling points continued 
to be added until July 1962, when the total num- 
ber of stations reached 62. 

Through the cooperation of State and local milk 
sanitation authorities, samples are routinely col- 
lected at each of these stations. Composites of the 
samples are preserved with formaldehyde and are 
sent to the PHS Southwestern, Southeastern, or 
Northeastern Radiological Health Laboratories 
for analysis. Gamma analyses for iodine-131 are 
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made within 3 to 6 days after sample collection, 
and any results exceeding 100 pc/liter are immedi- 
ately telephoned to the States for possible public 
health action. Complete analytical results are 
available 6 to 7 weeks after sample collection; 
publication in Radiological Health Data follows 
3 to 4 months after sample collection. 


Sampling and Compositing Procedures 


The method of compositing specifies that each 
station’s sample be composited of subsamples 
from each milk processing plant in proportion to 
the plant’s sales in the community served. At 
most stations, the composited sample represents 
from 80 to 100 percent of the milk processed. 
Prior to September 15, 1961, the composite sample 
was taken from one day’s sales per month and was 
as representative of the community’s supply as 
could be achieved under practical conditions. 
Beginning with the resumption of nuclear weapons 
testing in the atmosphere in September 1961, and 
continuing through January 1963, sampling was 
done twice a week at nearly all stations and daily 
for short periods at selected stations. Since then, 
the sampling frequency has been reduced to once a 
week. 

















Analytical Errors in Radionuclide Measurements 


Iodine-131, cesium-137, and barium-140 con- 
centrations are determined by gamma scintillation 
spectroscopy,' while strontium-—89 and strontium- 
90 concentrations are determined by radiochemical 
procedures. There is an inherent statistical varia- 
tion associated with all measurements of radio- 
nuclide concentrations. With the low radio- 
nuclide levels which are usually found in milk and 
other environmental samples, this variation is 
relatively high. The variation is dependent upon 
the method of chemical analysis, the sample 
counting rate and counting time, interferences 
from other radionuclides, and the background 
count. For milk samples, counting times of 50 
minutes for gamma spectroscopy and 30 to 50 
minutes for low background beta determinations 
are used. The minimum detectable concentration 
is defined as the measured concentration at which 
the statistical two-standard-deviation analytical 
error is 100 percent (1). Accordingly, the mini- 
mum detectable concentrations in units of pe/liter 
are Sr®*, 5; Sr9, 1; I'8!, 10; Cs!87, 5; and Ba'*®, 10. 


Data Presentation 


Table 1 presents summaries of the analyses for 
August 1963 (July 28—-August 31, 1963). Whena 
radionuclide is reported by a laboratory as being 
below the minimum detectable concentration, 
one-half the minimum detectable value is used in 
calculating the monthly average. A _ similar 
procedure is used for the network average. 

Although no data are presented on the stable 
potassium concentrations in milk, analysis has 
indicated that the usual range of concentrations is 
from 1.3 to 1.8 grams/liter. In August, for ex- 
ample, 1, 13, 20, 20, 7, and 1 stations had monthly 
average potassium concentrations respectively 
as follows: 1.8, 1.4, 1.5, 1.6, 1.7, and 1.8 grams 
liter. 

Figures 1 and 2 are isoconcentration maps show- 
ing the estimated strontium-89 and strontium-90 
concentrations in milk over the entire country. 
The value printed beside each station is the 
monthly average concentration for that station. 
In order to show the distribution of the network’s 
stations versus radionculide concentrations in 
milk, table 2 has been prepared using monthly 
average data shown in table 1. 


‘ Southeastern Radiological Health Laboratory employs 
a radiochemical procedure for barium—140 analysis. 
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Figure 3 shows by means of isoconcentration 
maps the estimated cesium-—137 concentration in 
milk in the United States since the third quarter of 
1961. The value printed beside each station is the 
average concentration for that station for the time 
period covered by the map. 

The third quarter cesium-137 average concen- 
trations in milk at all stations was less than 25 
pe/liter, except at four stations in the Northeast 
and three stations in the Southeast. The highest 
average was 85 pc/liter during this period. This 
same pattern of cesium-137 concentrations is 
apparent in the fourth quarter of 1961. All sta- 
tions except two reported fourth quarter averages 
of 25 pe/liter or less. Pascagoula, Mississippi 
reported 30 pc/liter and Tampa, Florida reported 
70 pe/liter. 

The trend observed for cesium-137 in the last 
half of 1961 continued in the first quarter 1962. 
Four stations in the Southeast had first quarter 
1962 averages of 30 to 70 pce/liter; all other stations 
had lesser concentrations. Cesium-137 in the 
environment increased during the second quarter 
of 1962 as reflected in the increase in the cesium- 
137 second quarter 1962 average concentrations in 
milk over the first quarter 1962 values at nearly all 
stations. The Southwest had concentrations of 
15 pe/liter or less while the Southeastern States 
had concentrations of 50 to 135 pe/liter. Nearly 
all other stations reported cesium-137 second 
quarter average concentrations intermediate to 
these ranges. The third quarter 1962 and fourth 
quarter 1962 isoconcentration maps appear 
similar and are discussed together. The change 
occurring from the second quarter 1962 to the 
last two quarters of 1962 in the quarterly cesium-— 
137 concentrations in milk was as follows: con- 
centrations in the Southwest increased slightly 
from the teens into the twenties; concentrations 
in the other Southern States previously between 
50 and 100 pc/liter changed to 40 to 70 pce /liter; 
concentrations in the northern half of the United 
States, previously between 20 and 50 pc/liter, 
rose to the seventies and eighties,-except in the 
New England States, where values in the 100 to 
145 pe/liter range were recorded; concentrations 
in Florida remained greater than 100 pce /liter, but 
less than 145 pe/liter. 

As shown by the first quarter 1963 cesium-—137 
averages, the entire country except the South- 
west reflected concentrations in milk of between 
50 and 135 pe/liter. As was the usual pattern, the 
southwestern stations reported values below the 
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rest of the nation. From the second quarter 1963 Southwest only. The maximum second quarter 
cesium-137 averages, it was apparent that levels average (200 pc/liter) was observed at the Florida 
were still increasing. A majority of stations re- station. 

ported values between 80 and 140 pc /liter. Con- Cesium-137 average concentrations for July 
centrations below 50 pce/liter were observed in the 1963 ranged from 15 to 50 pe/liter, while the South- 


TABLE 1.—RADIOACTIVITY IN PASTEURIZED MILK, AUGUST 1963 * 


[Average radioactivity concentrations in pe/liter] 


Last 
Calcium | Strontium-89 Strontium—90 Cesium—137 Barium-140 Profile 
(g/liter) in RHD 


Sampling locations 
Second | Avg. for| Second | Avg. for! Second | Avg. for| Second | Avg. for| Second | Avg. for| Month 











quarter | month | quarter | month | quarter | month | quarter | month | quarter | month (1963) 
Ala: | ET Fe Lon 1.21 1.17 100 50 23 22 80 90 10 <10 | Oct. 
Alaska: Palmer---- eee ae 1.17 | 1.19 35 50 15 27 55 200 <10 | <10 | Nov. 
Ariz: sR MERE | 1.16 1.17 20 5 5 3 15 25 <10 <10 | Sep. 
Ark: SRS Se Se 1.19 1.20 200 25 51 47 195 190 20 <10 Nov. 
Calif eae 1.21 1.20 115 10 19 6 90 45 <10 <10 Dec. 
ee ee | 1.22 Be 175 15 27 9 110 60 <10 <10 Oct. 
Colo EE ae eae ee | seer 28 35 25 14 21 70 105 <10 <10 Dec. 
Conn ETERS SEL a 1.09 1.16 30 45 22 32 120 225 <10 <10 Dec. 
Del: i cies cin. sisi Gat demos 1.07 1.18 65 40 28 28 130 155 <10 <10 Sep. 
D.C: DE. nsnncacnunnnatueees 1.16 1.13 90 40 24 20 120 10 <10 <10 Oct. 
Fla: In Sis iiedsi-teieh diet iaistapaain ale ieee 1.18 1.20 40 30 13 15 200 275 10 <10 Sep. 
Ga: in dindenns mee une emia dbehees 1.21 1.16 145 | 75 33 33 155 175 10 <10 Oct. 
ee Ss. eaemnedodebed 1.15 1.17 60 10 10 11 65 80 <10 <10 Nov. 
Se BP ictcinacsenedacencewen 1.20 1.16 80 40 22 30 110 145 <10 <10 Sep. 
Ill: SSS ee eee 1. 06 1.20 30 20 21 26 95 110 <10 <10 Oct. 
Ind: I i cs an cbvthesiva aaah eehcaee era aioe 1.10 1.20 55 45 29 23 100 25 <10 <10 Dec. 
Iowa: 0 1.19 1.19 145 35 31 27 95 80 <10 <10 Sep. 
Kans: Wibekuintidd rab bregne mania 1.19 1.15 90 25 21 20 85 65 <10 <10 Nov. 
Ky phat iikenchedemeimen eed 1.18 1.13 180 100 37 40 125 140 10 <10 Sep. 
La: INS: «oa ateieankioepaminenedaiio 1.23 1.21 175 70 45 43 170 165 20 <10 Nov. 
Pe: De inccnubbaewaniiedn ‘ 1. 07 1.15 30 65 25 37 120 320 <10 <10 Sep. 
Md: PE intccumadeeucibawesen nd’ 1.15 1.15 105 55 24 26 140 150 10 <10 Sep. 
Mass: a bs a os aca decal aah issn aoniredesdliaceah 1.10 1.17 35 75 28 46 150 380 <10 <10 Oct. 
Mich: hh chk dled agemiknwednawrés 1.08 1.19 25 35 20 19 85 140 <10 <10 Dec. 
ES « candcnccsencessan 1.11 1.17 25 35 19 sa «Cf 90 145 <10 <10 Sep. 
Minn AE TE A eS 1.20 1.19 80 5 28 35 13¢ 165 <10 <10 Oct. 
Miss: ie a hai ds Cereninh nth emamiienien 1.25 1.22 | 180 0 38 37 120 135 20 <10 Dec. 
Mo:  vaintedaweeecaendiiais 1.21 1.15 155 35 32 27 100 75 <10 <10 Dec. 
sd iis si tale eas bcc naelel 1.19 1.12 110 25 27 24 95 85 <10 <10 Nov. 
Mont 2 a ee eee = 1.19 1.15 70 70 21 44 105 255 <10 <10 Nov. 
Nebr Cd cn aetidecadkahpnene eee 1.21 1.16 100 35 27 28 90 85 <10 <10 | Sep. 
Nev: OS Se 1.15 1.18 25 15 7 9 50 75 <10 <10 Oct. 
N.H: OS eee mais 1.12 1.15 40 65 28 41 170 375 <10 <10 Sep. 
N.J: EE A ae eee 1.09 1.19 40 35 26 25 110 155 <10 <10 Dec. 
i: De DN, « cckagwendaweewcoes 1.16 1.17 40 20 10 11 35 50 <10 <10 Nov. 
N.Y: ECE ee 1. 06 1.14 30 40 22 26 105 175 <10 <10 Dec. 
a ae ae 1.09 1.15 40 60 24 42 110 265 <10 <10 Oct. 
EES Aenean 1. 08 1.16 35 40 24 30 105 170 <10 <10 Nov. 
N.C: COE Ss ncccmdnedainkie teameadens 1.25 1.17 135 75 34 36 130 155 10 <10 Nov. 
a Re ee 1.13 eT 180 95 48 58 115 160 <10 <10 Sep 
Ohio: OO ae eee 1.09 1.22 75 40 31 30 90 100 <10 <10 Dec 
SS SERRA eR 1.13 1.16 40 35 24 23 100 140 <10 <10 Nov 
Okla: Okishoma City ............... 1.17 1.13 130 45 28 22 120 85 10 <10 Oct 
Ore: NG lis ak crettaraces entity etait eae 1.24 1.21 165 30 38 2 160 180 10 <10 Dec. 
i 
Pa: EE eS | 1.08 1.10 55 30 29 25 130 145 <10 <10 Nov. 
EY « i<keacaneae sana’ | 1.10 1.2 55 55 27 40 125 210 <10 <10 Nov. 
P.R: Ee ep. Sal 1.16 1.16 105 35 18 ) 125 100 10 <10 Nov. 
R.I: 0 eRe Pe eror 1. 08 1.19 45 45 27 125 235 <10 <10 Sep 
S.C: ee ee ae 1.21 1.16 100 60 29 26 120 150 10 <10 Dec. 
Se i eee ee 0.92 1. 06 105 80 34 45 125 170 <10 <10 Oct. 
Tenn: SIO a onvnnenenkdiban | 1.22 1.21 195 110 40 51 160 180 10 <10 | Oct. 
se ea 1.22 1.17 160 70 38 35 110 90 10 <10 Sep 
Tex OS PE eae 1.14 1.12 50 15 10 8 50 40 <10 <10 Oct. 
Ea ee | 1.16 1.15 120 40 25 20 100 80 10 <10 | Dee. 
Utah EE HE. 1.22 1.18 45 40 20 25 110 180 <10 <10 Nov. 
Vt: ne oe eI 1.09 1.16 30 60 24 41 110 270 <10 <10 Dec 
Va: Se ee ee ee eee 1.17 1.14 95 40 25 24 120 110 10 <10 Dec. 
Wash EE TENET A A SS TET 1.19 1.21 125 40 26 33 150 195 <10 <10 Oct. 
PND. pGuvatawesessesecdeouda 1.26 1.25 105 40 27 27 125 155 <10 <10 Dec 
W. Va | eC Ce 1.17 1.12 145 85 37 36 115 125 10 <10 Oct. 
Wis I by tae, tense ca nie elated ucdicieamive 1.10 1.21 30 35 20 21 90 140 <10 <10 Sep 
Wyo ee. es eae 1.20 1.14 70 30 24 22 120 115 <10 <10 Sep. 
ES ST z 1.16 1.17 87 47 25.9 28.1 112 150 <10 <10 Nov. 


* The monthly average iodine-131 concentration at each station was <10 pc /liter. 
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FIGURE 1.—STRONTIUM-89 CONCENTRATIONS IN PASTEURIZED MILK 
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FIGURE 2.—STRONTIUM-90 CONCENTRATIONS IN PASTEURIZED MILK 
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FIGURE 3.—CESIUM-137 CONCENTRATIONS IN PASTEURIZED MILK 
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FIGURE 3.—CESIUM-137 CONCENTRATIONS IN PASTEURIZED MILK-Continued 


TARLE 2. 


Strontium-90 | 
—— 


‘~ l 
Iodine—131 | Cesium-—137 


‘DISTRIBUTION OF SAMPLING STATIONS IN VARIOUS RANGES OF RADIONCULIDE CONCEN- 
TRATIONS IN MILK, AUGUST 1963 





























Strontium-89 Barium-140 
Range Number of Range Number of Range | Number of Range | Number of Range Number of 
(pe /liter) stations (pe/liter) stations (pe/liter) stations (pe/liter) stations (pe/liter) stations 
a - — aes: Wee — ——— i LT 
<5-20 8 | <1-9 5 <10 | 62 <5-45 | 3 <10 62 
25-45 31 10-19 5 | | 50-95 13 
50-70 13 | 20-29 26 | 100-145 17 
75-95 7 30-39 | 14 | 150-195 18 | 
100-120 2| 4049 | 10 | 200-245 4 | 
125-145 1 | 50-59 2 | 250-295 4 | 
300-345 | 1 | | 
- = : eee. Toe 350-400 | 2 - ee es 
western States averaged 50 pc/liter or less. The Selected Monthly Strontium-—90 Profiles 


New England States reported the highest levels 
(200 to 380 pe /liter). Other areas with averages of 
200 to 300 pe/liter in July 1963 are western Wash- 
ington, a region extending westward from Minne- 
sota to Idaho, and a section extending through 
Florida and Georgia northward into Tennessee. 


594 


Continuing the practice followed in previous 
issues Of Radiological Health Data, the average 
monthly strontium-90 concentrations in pasteur- 
ized milk from 16 selected cities in the sampling 
program are presented (see figure 4). Each graph 
shows the strontium-90 concentrations in milk 
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FIGURE 4.—STRONTIUM-90 CONCENTRATIONS IN PASTEURIZED MILK 


from one city in each of the four U.S. Bureau of REFERENCE 
Census regions. This method of selection permits (1) Public Health Service: Pasteurized Milk Network, 
graphic presentation of data for each city in the February 1963, Radiological Health Data, 4:291-6, Super- 


‘ intendent of Documents, Government Printing Office, 
network at least twice a year. Washington 25, D.C. (June 1963). 








December 1963 




















CALIFORNIA MILK NETWORK AND MILK- 
SHED COMPARISONS 
April—June 1963 


John M. Heslep and Amasa C. Cornish ! 


Surveillance of specific radionuclides in milk is 
one phase of California’s Department of Public 
Health program of radiation contro]. This milk 
monitoring function has been conducted at 8 milk- 
sheds since January 1960 by the Department’s 
Bureau of Radiological Health, a constituent of 
the Division of Environmental Sanitation. Since 
the addition of the Del Norte and Mendocino milk- 
sheds to the program in March 1962, sampling of 
milk weekly or biweekly, has been conducted at 
10 major milksheds (see figure 5). The original 
sampling locations were chosen by the State 
Department of Agriculture as being representative 
of milk consumed by a high percentage of the 
population of the State. 

Radiostrontium is separated chemically and 
counted in a low background counter, usually for a 
60-minute period. lodine-131. cesium-—137, and 
barium-—140 in fluid milk are determined by gamma 
scintillation spectroscopy using a sodium iodide 
erystal. A normal counting time of 100 minutes is 
used. 


Results 


The monthly averages of the radionuclide data 
in milk for the period April-June 1963 are pre- 
sented in table 3. When the result from an 
individual analysis was reported as not significant, 
a value of zero was used in calculating the average. 


Discussion 


As shown in table 3 and previously published 
data (1-3), fission product concentrations in 
California milk were low until 1961. The Novem- 
ber 1961 average Sr* concentrations in Humboldt 
milk increased sharply from the previous monthly 
average to 160 pc/liter. This increase was ac- 
companied by only a negligible increase in Sr®. 
In December 1961, Humboldt milk averaged 314 
and 12 pe/liter of Sr** and Sr”, respectively. 
During this period Del Norte milk was not yet 
being sampled. No appreciable increases were 
noted from other areas. 


! Dr. Heslep is Chief, and Mr. Cornish is Senior Health 
Physicist, Bureau of Radiological Health, State of Califor- 
nia, Department of Public Health, 2151 Berkeley Way, 
Berkeley 4, California. 
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De! Norte 








FIGURE 5.—CALIFORNIA MILKSHEDS 


In considering the radiostrontium data in table 
3 on a comparative basis, 3 classes of values from 
high to low can be observed: (1) Del Norte; (2) 
Humboldt; and (3) Mendocino, Shasta, Sonoma, 
Sacramento, Santa Clara, Los Angeles, San Diego, 
and Fresno (see figure 6). The location, rainfall, 
and average annual Sr® at each station are given in 
table 4. Generally, milk radiostrontium tends to 
decrease from north to south and with decreasing 
rainfall. There are anomalies, however. For 
example, Humboldt has less rainfall than 
Mendocino and has about the same rainfall and is 
about the same latitude as Shasta. Yet Humboldt 
milk contained about twice as much radiostron- 
tium as that from either Mendocino or Shasta. 
Also, there is no obvious explanation related to 
rainfall or geographical location which can account 
for the large difference which exists between Del 
Norte milk and that from any other location in the 
State. 

Although Del Norte milk contains the highest 
radioactive analysis of any milkshed in California, 
it represents only 0.12 percent of the State’s market 
milk (Grade A) and 0.34 percent of the manu- 
facturing milk. The 1962 total milk production 
for Del Norte was 13,644,000 pounds. Seventy 
percent of the Grade A milk (market milk) pro- 
duced in Del Norte is marketed in the County. 
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TABLE 3.—RADIONUCLIDES IN CALIFORNIA MILK, APRIL-JUNE 1963 


[Radioactivity concentrations in pc/liter] 














Element Del Hum- Los Mendo- Sacra- San Santa 
and month Norte Fresno boldt Angeles cino mento Diego Clara Shasta Sonoma Average 
<> ieee —— : - 
Calcium (g/liter) | | 
/ Sa 1.3 1.21 1.25 1.10 1.18 1.18 1.13 1.17 1.14 1.20 1.18 
SS 1.32 | 1.24 1.08 1.21 1.15 1.14 1.14 1.16 1.18 1.18 
as 1.32 1.17 1.23 1.07 1.15 13 1.15 1.12 1.13 1.18 1.17 
Potassium—40 | 
Se 1160 1230 1200 1250 1260 1230 1240 1250 1190 1190 1220 
a ae 1210 1230 1200 1270 1280 1200 1200 1260 1220 1220 1229 
etdiinn wind 1180 1260 1210 1280 1290 1240 1270 1240 1220 1230 1242 
Strontium-89 
es 1323 30 493 & 199 99 16 35 154 241 260 
| eee 941 56 365 18 230 109 27 o4 147 188 214 
Pi ihnighnerdecne 269 31 63 18 68 45 11 33 69 65 62 
| 
Strontium-90 
3 Sa 184 6.6 71 4.0 27 14 4.3 7.3 23 33 37 
eee 148 10.1 | 52 4.8 33 17 >. 8 11 22 29 
ee 77 S.2 | 17 4.4 15 10 B. 5 Be 17 17 18 
} 
Iodine-131 
a 80 0 0 0 0 0 0 0 0 0 0 
ia ateihiiie een 0 0 0 0 2 0 0 0 3 0 1 
| ER EES | 0 0 0 0 0 1 0 0 0 0 0 
Cesium—137 | 
SNE os cehipsannchn aie 528 53 198 22 102 88 26 7 124 162 134 
EELS | 485 77 176 37 126 110 3 85 140 140 
ee | 295 9 | 65 90 71 83 3 86 112 92 Gs 
| 
Barium-140 | 
OS a ee 0 0 0 0 0 0 0 0 0 0 0 
Se 0 0 0 0 0 0 0 0 0 0 0 
Se 0 0 0 0 0 0 0 0 0 0 0 


* A zero indicates no significant activity. 


TARLE 4.—COMPARISON OF RAINFALL DATA WITH STRONTIUM-90 CONCEN- 


TRATIONS IN MILK FOR CALIFORNIA MILKSHEDS, AUGUST 1962-JULY 1963 








setished Rainfall collection locations Mean Rainfall Average Sr* 
Mi e alae 7 annual Aug 1962 concentrations 
rainfall July 1963 Aug 62-July 63 
Latitude Longitude inches) inches) pe/liter) 
OS} See 41°46’ 124°12’ 79 72 69 
EE ee aa a 39°22’ 123°08’ 44 49 11 
NT FE 40°34’ 122°23’ 38 41 10 
Es 40°48’ 124°10 36 44 
eee 38°27 122°42 29 36 11 
ELE TA A, SR 38°31’ 121°30 16 25 
OE a een 37°21’ 121°56 15 22 } 
OEE a ee 33°56’ 118°23’ 15 10 3 
Ps sa: seitnmomaninemes : 2°44’ 117°10’ 11 4 3 
Fresno... .-..- AE RON 36°46’ 19°43 9 12 5 
ts The remaining 30 percent is shipped to Oregon. 
Del Norte manufacturing milk, which is used for 
od LEGEND 1: he Nae Sag . aes , 
Pog a ce cheese, is about equally divided with 
al Mendocino ........ regon. 
160 Shasto = a= of 
Humboldt —. . : ° : . , 
i a Since there is a relatively long delay in obtain- 


STRONTIUM-90 CONCENTRATIONS (pc/liter) 
8 
| 


ing results of Sr®° analyses, an attempt to estimate 
the concentrations of Sr® in milk based on Cs!*7 
concentrations may be made. In order to make 
this estimate, an empirically determined average 
Cs'57/Sr* ratio for a particular milkshed must be 
1\ derived. If the Cs'*? content of milk (which may 


sl be determined quickly) from a particular milk- 
I>\ shed is known, then by dividing this value by the 
2 A. — ~* L 





Volues below 20 pc/liter are not shown 
i 


average Cs'%7/Sr® ratio for this milkShed, an 
ere ai estimate of the Sr®® content of the milk is available. 


ae ae ae ee i 
T 





Pe Tee 
JTF 'MTA'M 
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FIGURE 6.—MONTHLY AVERAGE STRONTIUM-90 ota , oe . » dient at 
CONCENTRATIONS IN MILK FROM ALL CALL liter or more. These ratios are formed by dividing 








etstetrtatats J J ; k 
1962 1963 lable 5 indicates the Cs'*’/Sr®® ratios by loca- 
tion and month, where Sr* values were 10 pe 


FORNIA MILKSHEDS the monthly average Cs'*’ content of milk by the 


597 











cel eegremyecenme 


ee ee te 


























TARLE 5.—RATIOS OF CESIUM-137 TO STRONTIUM-90 FOR CALIFORNIA MILKSHEDS,* JANUARY 1962- 
JULY 1963 
Milkshed 
Month 
Del Norte Mendocino Shasta Humboldt Sonoma Sacramento | Santa Clara | Los Angeles | San Diego Fresno 
1962 Jan. | | | 
Feb. | | 6.5 | | 
Mar. 5.4 4.6 
Apr. 2.8 Fe 
May | 3.4 5.0 | 
June 3.3 } | 
July 2.6 
Aug. | 3.6 | 
Sept. 3.3 
Oct. 3.2 | | 4.7 
Nov. 3.0 | 5.0 | 
Dee. 3.1 3.4 
1963 Jan. 2.3 | 2.4 | 
Feb. 3.3 4.3 
Mar. 3.8 4.8 4.0 4.4 | 
Apr. 2.9 3.8 5.4 2.8 4.9 6.3 | 
May 3.2 3.8 5.8 3.4 4.8 6.4 x eo oe 
June 3.8 4.6 6.6 3.9 5.4 8.3 
July 3.1 5.4 4.4 6.4 
Average 3.3 4.2 5.8 4.4 5.2 7.0 7.7 | — os | 7.7 


* Ratios are given when strontium—90 concentrations were 10 pc/liter or more. 


TARLE 6. 


RATIOS OF STRONTIUM-89 TO STRONTIUM-90 FOR CALIFORNIA MILKSHEDS,* JANUARY 1962- 


JULY 1963 


| 
| 
Month | 
Del Norte Mendocino Shasta Humboldt 
a jes os ee i aA 
1962 Jan. | 
Feb. | 19 
Mar. 16.2 | | 17 
Apr. | 12.0 13 
May 8.6 10 
June : 5.0 | | 
July 3.6 | 
Aug. 3.6 | 
Sept. 3.6 | 
Oct. 10.8 12 
Nov. | 11.4 | | 18 
Dec. 18.9 17 
1963 Jan. 11.9 | | 13. 
Feb. 12.6 14. 
Mar. 12.5 12.2 2. 
Apr. 7.2 | 7.4 6.7 we 
May 6.4 | 7.0 6.7 | 7. 
June 8.5 | 4.5 6.6 3. 
July | 2.6 2.3 2. 


* Ratios are given when Sr*°® concentrations were 10 pe/liter or more. 


monthly average Sr®® content of milk. Although 
the high and low ratios differed by a factor of 4, 
this ratio for a given location could be used to 
compute Sr*° concentrations to considerably better 
than +50 percent in most cases. It would not be 
proper to generalize unduly on this empirical 
observation. For a given location, over a limited 
time period, however, this method should prove 
useful for quickly estimating Sr*° concentrations. 

Table 6 contains values of the Sr**/Sr*° ratios 
obtained by dividing the monthly average Sr*® 
concentration in milk by the monthly average Sr®° 
concentration in milk. After fission preduct for- 
mation the ratio of the amount of Sr*® to the 
amount of Sr® decreases with time, reaching a 
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Milkshed 

Sonoma Sacramento | Los Angeles San Diego Fresno 
11.9 
7.3 | 7.8 
6.5 6.4 4.7 5.6 
3.8 | 4.5 
2.4 


a~ 








value of 20 at 140 days and then dropping to a 1 to 
1 ratio at 1 year. As would be expected, the 
observed ratio in milk changed rapidly with time. 
It is of interest to note, however, that, for a given 
month, this ratio is remarkably constant between 
different locations. Analytical and _ statistical 
errors could account for the small discrepancies. 

Previously published data (1-3) show that a 
definite ‘‘spring peak’’ was observed for 1962, 
although it was not very pronounced except for 
Humboldt and Del Norte. This phenomenon 
showed clearly at almost all locations in 1963 
(figure 6). A special word might be said about 
Los Angeles and San Diego. Virtually all the 
fresh milk for these areas is from cows that never 
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see a fresh pasture. Most of the feed for these 
cattle is grown on irrigated land in the Imperial 
Valley, where there is virtually no rainfall. 


Summary 


It is clear that although most of the milk pro- 
duced in California contains concentrations of Sr*° 
below the national average, the milk produced in 
the northernmost California milksheds has some- 
times had concentrations of Sr*® several times that 
previously reported for anywhere in the U.S. In 
an attempt to elucidate factors which could serve 


INDIANA MILK NETWORK 
August 1963 


Bureau of Environmental Sanitation 
Indiana State Board of Health 


The Indiana State Board of Health began 
sampling pasteurized milk for radiological analysis 
in September 1961. Indiana was geographically 
divided into five major milksheds, and one large 
dairy within each milkshed was selected as a 
sampling station (see figure 7). 

The milk samples are routinely analyzed for 
iodine-131, cesium-137. barium-140, strontium 
89 and strontium-90. Until August, 1963, analy- 
ses for the gamma emitters iodine-—131, cesium-—137 
and barium-—140 were conducted on a weekly basis, 
except when iodine-131 exceeded 100 pc /liter, at 
which time the frequency of sampling is increased. 
Because of continued low results for the short half- 
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NORTHWEST 





FIGURE 7.—INDIANA MILK SAMPLING LOCATIONS 


December 1963 





to explain some of these anomalies, the Del Norte, 
Humboldt, and Shasta milksheds will be examined 
in detail during the next two years. 


REFERENCES 


(1) California Department of Public Health: California 
Milk Network, 1960-June 1962, Radiological Health Data, 
4:90-2, Superintendent of Documents, Government 
Printing Office, Washington 25, D.C. (February 1963). 

2) California Department of Public Health: California 
Milk Network, July-September 1962, Radiological Health 
Data, 4:243-244, Superintendent of Documents, Govern- 
ment Printing Office, Washington 25, D.C., (May 1963). 

3) California Department of Public Health: California 
Milk Network, October 1962—March 1963, Radiological 
Health Data: 4:409, Superintendent of Documents, 
Government Printing Office, Washington 25, D.C. (August 
1963). 


lived gamma emitters, the sampling frequency was 
reduced in August 1963 to once per month for the 
northeast, southeast and southwest milksheds. 
Strontium-89 and strontium—90 analyses are per- 
formed monthly for each station. Should further 
variations be observed, an increased sampling rate 
will be put into effect immediately. 

An ion exchange analytical procedure (/) is used 
for strontium-—89 and strontium-90 analyses. A 
512-channel pulse height analyzer and shielded 
4 x 4-inch sodium iodide crystal are used for the 
gamma analysis of iodine-131, cesium-—137, and 
barium-140. 


TABLE 7.—RADIONUCLIDES IN 
AUGUST 1963 


[Concentrations in pc/liter 


INDIANA MILK, 


Sampling 


location Sr** Sr*° | Cs?’ Bal‘ 
Northeast <10 38 <10 125 <10 
Southeast <10 41 <10 110 <10 
Central ; <10 4 <10 100 <10 
Southwest <10 33 <10 70 <10 
Northwest . . <10 40 <10 130 <10 
- 5 
State average <10 41 <10 105 <10 


The monthly averages of the data obtained for 
the individual sampling stations and the State 
averages are reported in table 7. The State 
average is an arithmetic average of the station 
values. 


REFERENCE 


(1) Porter C., D. Cahill, R. Schneider, P. Robbins, W. 
Perry, and B. Kahn: Determination of Strontium-—90 in 
Milk by an Ion Exchange Method, Analytical Chemistry 
83: 1306-8 (September 1961). 





| NEW YORK MILK NETWORK 
July 1963 


Division of Environmental Health Services 
State of New York Department of Health 


| Milk samples, collected routinely from six 
cities—Albany, Buffalo, Massena, Newburgh, 
New York City, and Syracuse (figure 8), are 
analyzed for their radionuclide content by the 
State of New York Department of Health. 
Pasteurized milk samples are collected daily and 





| composited weekly for the determination of 
strontium-89, strontium-—90, iodine-131, cesium- 
137, and barium-lanthanum-140 at all stations 
except Massena, where samples are composited 
| bi-weekly and at New York City where one daily 
milk sample representing the total milk supply for 
| that day is obtained and analyzed once per week. 
Samples are obtained from processing plants except 
at Albany, where the daily sample is obtained 
from a marketing point. During periods when 
cows are nolonger on stored feed,the sample from 
Albany is analyzed daily for iodine-131. In the 
event that any city reports iodine-131 concentra- 
tions exceeding 100 pc/liter, increased surveillance 
is undertaken. 
The matrix method (/) is used for the analysis 
of spectral data to determine the concentrations of 
| gamma-emitting nuclides in milk. With this 
i method, the individual nuclide contributions to the 
gamma spectrum are separated by solution of 
iin simultaneous equations describing the spectral 
Tid interferences. 
The analytical procedure for strontium-—89 and 
strontium-—90 is based on ion exchange methods. 
Cations (including radiostrontium) are eluted 
from the ion exchange resin with sodium chloride 
solution, strontium isotopes are gathered by means 
: of sodium carbonate, isolated by means of 
ethylenediaminetetraacetic acid (EDTA), and 
radiostrontium is counted with a low background 
beta counter having an 0.8 mg/cm? window. The 
strontium—90 portion is differentially estimated 


oe ee ee 





ee ee ee Oe 


600 














by a second count 40 hours later to determine the 
rate of growth of its daughter product yttrium-90. 
The monthly average radionuclide concentrations 
in milk are shown in table 8. 
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TABLE 8.—RADIONUCLIDES IN NEW YORK MILK, 
JULY 1963 


[Average concentrations in pc /liter] 




















Sampling location | Sr | Sree p31 Cs? | Ba-La'°® 

a —— — ———— } 
I i es 69 | 26 <20 109 <20 
eee ts < ee 44 14 <20 117 <20 
Massena... ah et Be jot 97 40 <20 224 <20 
Newburgh - _ . cee 79 | 34 | <20 129 | 25 
New York City_._..__.-. 90 | 29 <20 119 <20 
ree 59 26 <20 | 88 | <20 

| | 

tiie aided —__——}. 

| | | 

Average _ _ _- ae eS 73 | 28 | <20 131 <20 








Note: Ba-La!‘° refers to the sum of these two nuclides in equilibrium. 
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CANADIAN MILK NETWORK '! 
August 1963 


Radiation Protection Division 
Department of National Health and Welfare, 
Ottawa, Canada 


The Radiation Protection Division of the De- 
partment of National Health and Welfare began 
monitoring milk for strontium-—90 in November 
1955. At first, the analyses were carried out on 
samples of powdered milk obtained from process- 
ing plants. However, since January 1963 liquid 
whole milk has been analyzed instead. With this 
change, more representative samples can be ob- 
tained, and in addition it is possible to choose milk 
sampling locations (see figure 9) in the same areas 
as the air and precipitation stations. At present, 
the analyses include determinations of iodine—131, 
strontium-89 and cesium-—137, as well as stron- 
tium—90. 
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FIGURE 9.—CANADIAN MILK SAMPLING STATIONS 


The milk samples are obtained through the 
cooperation of the Marketing Division of the 
Canadian Department of Agriculture. At each 
station samples are collected three times a week 
from selected dairies, combined into weekly com- 
posites, and forwarded to the radiochemical labora- 
tory in Ottawa for analysis. The contribution of 
each dairy to the composite sample is directly 
proportional to its volume of sales. In most cases 
a complete sample represents over 80 percent of 
the milk processed and distributed in the area. 
Iodine-131 is determined on a portion of each 


1 Data from Radiation Protecticn Programs, Vol. 1, No. 
9:20-26, Radiation Protection Division, Canadian Depart- 
ment of National Health and Welfare (September 1963). 
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sample; the remaining portion is combined into 
monthly composites for the determination of 
strontium-—90, strontium-89 and cesium-137. 


Analytical Methods 


For the analysis of iodine-131, radiochemical 
methods (/) are used. Carrier iodide is added and 
the milk is then evaporated in the presence of 
sodium hydroxide and ashed. The iodide ion is 
oxidized to iodine and extracted with carbon tetra- 
chloride, back-extracted in sulphite solution, and 
precipitated as silver iodide. The precipitate is 
counted in a low background beta counter and the 
iodine-131 determined by comparison with stand- 
ard preparations. 

For the analysis of radiostrontium, carrier 
strontium is added to a one-liter sample of milk, 
and the milk is then evaporated under infra-red 
lamps in a tray lined with a polyethylene sheet. 
The residue is ashed in a muffle furnace at 450°C, 
dissolved in dilute nitric acid, and strontium is 
separated on an ion-exchange column (2, 3). The 
combined strontium-89 and strontium-90 are 
determined by counting in a low background beta 
counter. Strontium-—90 is determined separately 
by extracting and counting the yttrium—90 daugh- 
ter isotope, while strontium-89 is estimated by 
difference from the total radiostrontium measure- 
ment. Appropriate corrections are made for self- 
absorption and counter efficiency at all stages. 

Cesium-137 is determined by gamma spectro- 
metry using a scintillation crystal and a multi- 
channel pulse height analyzer. A sample consist- 
ing of 4.5 liters of milk is placed in a sample tray, 
constructed in the form of an inverted well to 
accommodate the 5 x 4 inch sodium iodide crystal 
detector. The sample is counted for 100 minutes 
and the gamma spectrum recorded. Estimates are 
made of the potassium—40 and cesium-—137 content 
of the milk by comparison of the spectrum with 
standerd preparations. 


Sources of Error 


In the iodine and strontium determinations, 
tests indicate that the statistical error (95 percent 
confidence level) in the chemical operations in- 
volved is about plus-or-minus 10 percerit. This 
value is independent of the concentration of the 
radioisotope in the milk because it depends only 
on the recovery of the “carrier”. In the deter- 
mination of cesium this factor is not involved. 
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The operational error must be combined with 
the counting error, which depends primarily on 
the coneentration of the nuclide in the sample, the 
background radiation, and the length of time the 


sample and background are counted. ‘This 
counting error has been evaluated mathematically 
for the particular counting arrangement used. 

The overall errors, estimated on the basis indi- 
cated above, are given in reference (4). For ex- 
ample, the 2c total errors (representing 95 percent 
confidence) associated with a measured concentra- 
tion of 10 pe /liter, in units of pe/liter are Sr*’, 2.5; 
Sr, 1.5; I'31, 5; and Cs'87, 6. 


Results 


Table 9 presents monthly averages of strontium 
89, strontium—90, cesium-137, iodine-131, and 
stable calcium in Canadian whole milk. Figures 
10 and 11 show the variation of the network 
average radionuclide content of Canadian whole 
milk. 


Discussion 


It should be emphasized that the interpretation 
of fallout data in relation to health is a complex 
problem. In comparing the concentration levels 
in a particular medium with the Maximum Per- 
missible Concentrations (MPC’s) as established 
by the International Commission on Radiological 
Protection (5), it is necessary to keep in mind that 
the MPC values refer to conditions of continous 
exposure over a lifetime. Therefore, the average 


TABLE 9.—RADIONUCLIDES IN CANADIAN WHOLE 


MILK, AUGUST 1963 


{Radionuclide concentration in pc/liter; 


Calcium) Stron- | Stron- | Iodine— | Cesium- 
Station (g/liter) | tium—89 | tium-90 131 137 

Calgary an 1.43 130.8 68.6 3 287 
Edmonton : : 1. 30 54.3 55 2 206 
Ft. William 1.22 82.6 43.0 4 282 
Fredericton . - 1.31 118.4 91.8 5 453 
Halifax. __. 1.24 | 87.7 53.5 2 289 
Montreal 1.43 65.5 42.5 1 289 
Ottawa 1.39 63.7 45.9 4 202 
Quebec ‘ 1.23 65.3 35.5 2 356 
Regina _ scanner 1.42 81.1 63.6 0 174 
St. John’s, Nfld 1.42 88.6 98.3 1 400 
Saskatoon. ______- 1.39 83.2 44.5 2 179 
Sault Ste. Marie_. 1. 42 86.6 53.3 5 267 
Toronto. . ae 1. 40 20.5 | 14.5 8 163 
Vancouver . uals 1. 36 60.8 52.2 3 333 
Windsor 1.37 20.4 25.8 0 78 
Winnipeg . 1.39 74.8 54.5 2 196 
Average . _ . 1. 36 74.0 52.7 3 260 
602 
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FIGURE 10.—IODINE-131 AND STRONTIUM-89 CON- 
CENTRATIONS IN CANADIAN WHOLE MILK 
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FIGURE 11.—STRONTIUM-90 AND CESIUM-137 CON- 
CENTRATIONS IN CANADIAN WHOLE MILK 
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levels over an extended period such as one year 
represents a better basis for comparison than do 
individual levels at any specific time. 
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Annual Average Radionuclide Concentrations in Pasteurized Milk 


September 1962—August 1963 


Utilization of the radionuclide concentration 
values reported by the Pasteurized Milk Network 
(1) for assessing that portion of an individual’s 
or a population’s radiation dose attributable to 
milk consumption is dependent on determining 
both the annual average concentrations of specific 
radionuclides of interest in milk and the average 
daily milk intake of an individual or a suitable 
sample of the population. 

The data listed in table 1 are concerned with the 
first of these requirements, 7.e., annual average 
concentrations of strontium-89, strontium—90 and 
iodine-131 in one liter of pasteurized milk. Limi- 
ted data are available for estimating the average 
daily milk intake (on a volume basis) for specific 
age groups in the U.S. population (2, 3). 

Employing an assumption, that the average 
daily milk consumption of an individual in a popu- 
lation group is one liter, permits comparisons to 
be made between the daily rates of intake of the 
above radionuclides from the milk component of 
the diet and the Federal Radiation Council’s action 
ranges of transient daily rates of intake (4). The 
upper limits of Range II correspond to the Radia- 
tion Protection Guide (RPG) for iodine-131 and 
one-third of the RPG for radioactive strontium. 
The Guides are, for administrative reasons, ex- 
pressed asa yearly radiation dose, but are based on 
lifetime exposure (5)'. The FRC emphasizes that 
the annual acceptable risk or exposure dose is not 
a dividing line between safety and danger in actua] 
radiation situations (6). 

Table 1, consisting of annual averages of radio- 
nuclide concentrations in milk, is besed on tke 
PHS Pasteurized Milk Network monthly averages 
of these radionuclides. To obtain the annual 





' Upper limit of Range II corresponds to a dose on one- 
third of the annual RPG in the case of radioactive strontium. 
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average daily intake (pe/day) of radionuclides 
from milk, the annual average concentration 
values, (pc/liter) in table 1 must be multiplied by 
the annual average daily consumption (liters/day) 
of milk (3, 4). 

The data in table 1 are calculated as follows: (a) 
results from all samples collected in each week 
(Sunday through Saturday) are averaged, (b) the 
averages for all weeks ending in 12 consecutive 
months are averaged to obtain the annual average. 

Monthly variations of radionuclide concentra- 
tions in milk are due to a number of combined 
causes. The moving yearly average (table 1), 
obtained by updating the previous twelve-month 
average by one month, shows variations averaged 
over the year and tends to minimize purely 
seasonal variations. This method, therefore, 
shows trends over a considerable period of time. 
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TABLE 1.—ANNUAL AVERAGE RADIONUCLIDE CONCENTRATIONS IN MILK 


[Concentrations in pc/liter] 





Iodine-131 Strontium-89 Strontium-90 
Sampling locations 
August 1962 September 1962 August 1962 September 1962 August 1962 September 1962- 
July 1963 August 1963 July 1963 August 1963 July 1963 August 1963 
Ala: Montgomery - - - : — 17 16 66 67 18 19 
Alaska: Palmer-_.. 102 100 56 58 14 15 
Ariz: Phoenix - - <10 <10 19 18 4 4 
Ark: Little Rock 38 37 135 137 37 38 
Calif: Sacramento. _ . ‘ 11 <10 2 42 s » 
San Francisco. ...--.-- 11 11 74 73 11 12 
Colo: Denver - . : — , 13 11 30 29 13 14 
Conn: Hartford 20 20 28 30 16 18 
Del: Wilmington 31 30 42 41 20 22 
D.C: Washington : ‘ 23 22 47 46 19 19 
Fla: Tampa. . . caine 18 18 86 36 12 13 
Ga: Atlanta P a ; 23 22 91 92 23 25 
Hawaii: Honolulu 2 11 37 36 | 8 8 
Idaho: Idaho Falls 19 17 46 46 | 17 19 
Ill: Chicago 30 28 31 29 17 18 
Ind: Indianapolis 29 29 41 41 | 19 20 
| 
lowa: ee rer 43 41 78 74 19 20 
Kans: Wichita . -— 27 25 56 53 16 17 
Ky: Louisville 26 26 102 103 27 29 
La: New Orleans eae 27 26 150 148 34 36 
Maine: Portland pike e 22 20 35 37 21 2 
Md: Baltimore eo 23 22 52 | 53 19 20 
Mass: Boston 21 21 39 41 25 | 27 
Mich Detroit ’ 34 32 28 29 7 18 
Grand Rapids ‘ : 25 24 26 26 15 16 
Minn: Minneapolis eaemas 30 29 64 63 24 25 
Miss: Jackson 25 24 148 147 28 30 
Mo Kansas City 41 38 90 86 21 22 
St. Louis ; 24 23 61 58 18 19 
Mont: Helena 34 32 54 55 19 22 
Nebr Omaha 39 27 65 60 20 21 
Nev: Las Vegas ‘ <10 <10 22 22 7 7 
N.H: Manchester . . ...-..--- : 21 19 37 39 23 25 
N.J: Trenton ‘ : 22 21 32 32 18 19 
N. Mex: Albuquerque - -- . 14 13 25 25 7 | 7 
N.Y: Buffalo _ _. : ; 22 22 31 31 18 19 
New York. -- ; A 30 30 37 39 si CO 23 
Syracuse......... ; ==] 24 24 34 34 18 20 
N.C: Charlotte . -_ -- -— “ <10 <10 72 | 73 26 27 
N. Dak: Minot ie 35 33 83 85 33 37 
Ohio: Cincinnati ‘ 36 34 52 51 21 22 
Cleveland i wae’ 30 29 33 34 | 18 18 
Okla: Oklahoma City - athens 33 32 79 77 | 21 22 
Ore: Portland 23 22 111 102 21 23 
Pa: Philadelphia : 28 27 38 37 20 | 21 
Pittsburgh 37 36 44 45 22 24 
P.R: San Juan* 15 15 87 87 13 14 
: Providence 22 22 35 36 21 22 
S.C: Charleston i , ‘ 19 18 72 72 | 23 24 
S. Dak: Rapid City 35 34 71 70 24 26 
Tenn: Chattanooga - 20 20 116 118 28 31 
Memphis. . - - ; 7 27 26 105 105 26 28 
Tex: Austin , : 30 30 3 39 8 8 
Dallas wake antl 49 47 92 91 19 | 20 
Utah: Salt Lake City 43 18 39 36 16 | 17 
Vt: Burlington 23 22 37 39 19 22 
Va: Norfolk 17 17 56 54 21 21 
Wash: Seattle 23 21 77 76 | 20 21 
Spokane . . ; ie Oe 20 18 53 53 | 19 20 
W.Va: Charleston 16 16 76 76 26 27 
Wis: Milwaukee 36 35 29 30 14 15 
Wyo: Liramie 23 11 62 52 18 18 
Network average 26 24 59 58 19.2 20.4 


* No sample was received for November 1962. 
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Radionuclides in Institutional Diet Samples 


April—June 1963 


Division of Radiological Health, 
Public Health Service 


The determination of radionuclide concentra- 
tions in the diet constitutes an important element 
of an integrated program of environmental radia- 
tion surveillance and assessment. In recognition 
of the potential significance of the diet in contribut- 
ing to total environmental radiation exposures, the 
Public Health Service initiated its Institutional 
Diet Sampling Program in 1961. This program is 
administered by the Division of Radiological 
Health with the assistance of the Division of 
Environmental Engineering and Food Protection 
(1). 


The program is designed to estimate the dietary 
intake of radionuclides in a selected population 
group ranging from children to young adults of 
school age. Initially, the program consisted of 
sampling diets in eight institutions, but it has since 
been expanded to 21 boarding schools or institu- 
tions, geographically distributed as shown in 
figure 1. Institutions selected range from financi- 
ally well-to-do boarding schools to orphanges with 
severe economic limitations. Each institution 
(sampling point) except the one at Los Angeles is 
located in a community from which the PHS 
Pasteurized Milk Network collects samples. The 
analytical data from this program supplement the 
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INSTITUTIONAL DIET SAMPLING LO- 
CATIONS, JUNE 1963 


FIGURE 1. 
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findings for the Institutional Diet Sampling Pro- 
gram. 


Sampling Procedure 


In general the sampling procedure is the same 

at each institution. Each sample represents the 
edible portion of the diet for a full 7-day week 
21 meals plus soft drinks, candy bars, or other 
in-between snacks) obtained by duplicating the 
meals of a different individual each day. Each 
institution supplies one complete 7-day, 21-meal 
diet sample each month. Each day’s sample is 
kept frozen during the collection period. After 
collecting the total sample, it is packed in dry ice 
and shipped by air express to either the South- 
western Radiological Health Laboratory, Las 
Vegas, Nevada, the Southeastern Radiological 
Health Laboratory, Montgomery, Alabama, or 
the Northeastern Radiological Health Laboratory, 
Winchester, Massachusetts. 

Each sample was packaged in three containers: 
one containing solid food minus seeds, pits, rinds, 
shells and bones that would not ordinarily be 
eaten; one containing dairy products such as milk, 
cottage cheese, and ice cream; and one containing 
soft drinks, coffee, tea and water. A record of the 
contents of each meal and the approximate weight 
of each item was made by the institution’s dietician 
and sent with the sample. Samples usually ranged 
from 6 to 16 liters in volume and weighed from 
8 to 20 kilograms. 


Analytical Procedures 


Because calcium and phosphorus compounds 
may have an effect on the uptake of important 
bone-seeking radionuclides such as strontium-89 
and strontium-90 (2), they are included in the 
analytical program. Total weight, stable calcium, 
and stable potassium determinations are obtained 
by conventional gravimetric or spectrophotometric 
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methods. Phosphate determinations are made by 
a colorimetric technique. 


The radioanalysis program is designed around 
three basic procedures: (1) gamma spectroscopy, 
(2) chemical separation of strontium-89 and 
strontium—90 with subsequent counting, and (3) 
total radium analysis. In the absence of inter- 
ferences other than that from naturally-occurring 
radioactive potassium (K‘*°), minimum detectable 
concentrations for the gamma scan on a per- 
kilogram basis are: iodine-131, 10 pe/kg; cesium 
137, 5 pe/kg; and barium-140, 10 pe/kg. Ap- 
proximate minimum detectable concentrations for 
strontium-89, strontium-90, and total radium 
are: 5, 1, and 1 pe/kg, respectively. 


Total radium is determined by ashing, separa- 
tion, and coprecipitation of radium as sulfate or 
chromate. After samples are transferred to 
planchets and dried, alpha activity is measured by 

















an internal proportional counter with an appropri- 
ate delay for checking ingrowth of radium daugh- 
ters. Since naturally-occurring radionuclides may 
contribute to the reported total radium values, 
the total radium technique is a practical screening 
indicator only. The bone dose, calculated by 
assuming total radium to be only radium-226, 
would therefore be moderately high. 


Data 


Table 1 presents the dietary intake data ex- 
pressed on a per-day basis from April 1963 through 
June 1963 for the 20 institutions from which 
samples were received. Also contained in the 
table is the range of ages of the children for which 
samples are being obtained. The reported radio- 
nuclide concentrations of these samples has been 
extrapolated to the end of the sample collection 
period. The true iodine-131 intakes therefore 
may be somewhat greater than the reported values. 


TABLE I—INSTITUTIONAL DAILY DIETARY 






















































































Cali- Louis- Massa- | 
Alaska, fornia, Colorado, | Florida, | Georgia, Hawaii, jana, chusetts,| Minnesota, | Missouri, | Montana, 
Month | Los New Minne- 
(1963) | Palmer Angeles Denver Tampa Atlanta | Honolulu | Orleans Boston apolis St. Louis Helena 
= : ———|— - Suess AES ee i nS Se. Ce toe e's 
Age (years) 6-18 6-18 5-21 6-18 5-16 7-18 a b<1-16 7-16 6-17 
Total weight Apr 1.31 2. 59 c-— 1.26 57 1. 87 2.18 1.67 1 64 2.78 1.65 
(kg/day) May 1.21 2.48 2.76 1.94 .72 1.76 2.01 2.19 2.19 1.65 1.19 
June 1.31 — 1.90 2.34 50 1.68 2.20 1.68 1.55 2.88 1.34 
Calcium Apr 0.6 1.4 — 1.5 “ 0.8 1.6 1.3 0.6 1.9 0.7 
(g/day) | May 0.6 1.5 2.2 1.2 9 0.9 1.4 1.8 0.7 1.5 0.5 
| June 0.7 — 1.1 1.2 9 0.4 1.6 1.2 0.6 0.8 0.4 
on a eee eae ea aad = i 
Phosphorus as | Apr 2.4 7.2 — 1.0 1 3.3 1.8 3.5 2.9 7.8 2.9 
phosphate | May 2.7 6.2 3.3 1.6 3 3.4 1.8 6.0 3.5 5.5 2.4 
(g/day) June 2.9 — 4.1 1.4 3 2.2 a 7.0 2.3 3.0 2.4 
Potassium | Apr 2.0 4.1 - 1.6 1.3 2.8 3.1 2.8 2.8 3.9 2.3 
(g/day) May | 2.2 3.5 4.1 2.9 8 2.5 2.9 4.0 2.8 4.9 1.5 
June 2.6 — 3.0 3.0 1 2.0 3.4 2.5 2. 4.6 2.0 
Total radium | Apr 2.0 3.0 - 3.6 .8 2.0 3.5 <1 2.0 3.0 | 2.0 
(pe/day) May 1.0 <l1 <1 3.5 5 4.0 §.5 <1 2.0 4.0 2.0 
| June <1 — 2.0 <2 1 <1 <2 <1 3.0 1.0 11.0 
Strontium-89 | Apr 5 35 20 60 220 <5 <5 110 <5 
(pe/day) May <5 25 40 35 90 140 d 60 305 | 10 
June 15 - 15 50 55 260 5 95 30 | 10 
Strontium-90 | Apr | 18 13 - 4 14 51 21 21 39 4 
(pe/day) | May 16 12 33 14 4 49 d 25 59 7 
June 18 - 24 28 15 31 44 34 32 11 
Cesium—137 | Apr 70 80 95 75 230 135 105 9 Ci 40 
(pe/day) | May 75 75 165 200 95 200 150 105 475 55 
June 80 - 105 185 95 225 | 210 140 230 | 80 
— Se a SON, ee a Sees a eee ese 
Barium-140 Apr <10 <10 -— <30 <20 <10 <30 <10 <10 <10 <10 
(pe/day) May <10 <10 <10 <20 <20 <10 <20 <10 <10 <10 <10 
June <10 — <10 <20 <2 <10 <30 <10 <10 <10 <10 
Todine-—131 Apr <10 <10 — <20 <20 <10 <30 <10 <10 <10 <10 
(pe/day) May <10 <10 <10 <20 <i <10 <20 <10 <10 <10 <10 
| June <10 = <10 <30 <20 <10 <30 <10 <10 <10 <10 


—— a — — 


* Ages not available. 

> Food samples not collected from children too young for solid diet. 
¢ A dash indicates no sample collected. 

4 Sample lost. 


606 


Radiological Health Data 











Certain of the radioanalyses are reported by the 
laboratories as being “less than’ (<) a specified 
value. For data averaging, the method employed 
for presentation in table 1 is that all “less than” 
data are assumed to be equal to the full “less than’”’ 
values as they appear in the column entitled 
“monthly maximum averages.” The column 
entitled “monthly minimum averages’ reflects 
the averages in which all “iess than’’ values are 
considered to be zero. 






Figure 2 shows the overall average daily intake 
of radionuclides at all institutions since January 
1961. The data are also presented graphically in 
figures 3 and 4, as step charts of the number of 
samples collected versus daily intake. For ex- 
ample, total dietary intake of food is divided into 
eleven ranges. The number of values reported 
during this quarter in each range is plotted as a 
frequency-distribution step chart. The number 
of stations used in constructing these graphs was 


INTAKE (BASED ON A 7-DAY COMPOSITE SAMPLE 


















































New New 
Nebraska, Mexico, York, Ohio, 
Month Albu- New Cleve- 
(1963) Omaha querque York land 
Age (years) 6-18 5-15 8-15 6-15 
Total weight Apr 2.02 1. 52 1.51 1.98 
(kg/day) May 2.78 | 1.72 1. 30 1. 87 
June 1. 84 1.78 1. 87 
Calcium Apr 1.6 0.6 1.8 1.4 
(g/day) May 9 1.2 0.8 1.5 
| June 1.0 0.9 - 1.4 
Phosphorus as Apr 5.0 4.0 3.5 6.1 
phosphate May 7.8 4.2 6.1 7.0 
(g/day) June 4.2 8.3 - 11.3 
Potassium Apr 5.1 2.6 2.4 3 
(g/day) May 3.9 2.6 2.0 3.6 
June 2.9 3.7 3.1 
Total radium Apr f= 1.0 <1 <1 
(pe/day) May 3.0 | 2.0 <1 <1 
| June <1 <1 <1 
Strontium-89 Apr 30 10 < <5 
(pe/day) May | 110 70 20 
June | 105 25 - 50 
Strontium-—90 | Apr 23 9 15 21 
(pe/day) | May 39 13 21 4 
| May | 59 9 31 
Cesium-137 | Apr | 180 25 100 115 
(pe/day) | May | 195 45 85 115 
| June 140 20 -- 155 
Barium-140 | Apr <10 <10 <10 <10 
(pe/day) ay <10 <10 <10 <10 
| June | <10 <10 <10 
Iodine Apr <10 <10 <10 <10 
(pe/day) ay <10 <10 <10 <10 
June <10 <10 - <10 
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19, 20, and 17 for the months of April, May and 
June 1963, respectively. Therefore, the total 
number of samples represented in each chart is 56. 


Discussion of Data 


Total intake ranged between 1.04 and 2.88 kg 
day during this quarter. The frequency-distribu- 
tion step chart shows that 66 percent of the 
samples weighed between one and two kg /day, and 
14 percent of the samples weighed between 2.75 
and 2.89 kg /day. 


The calcium intake ranged between 0.4 and 2.2 
g day, with forty-eight percent of the values being 
less than one g/day while 12 percent were greater 
than 1.8 g/day. Phosphate intake ranged from 
0.8 to 11.3 g/day, with 46 percent of the values 
ranging from one to 3 g/day. Potassium intake 
appears similar to a binomial distribution, with 


Tennes- Vir Wasb- 
see, Texas, Utah, ginia, ington, 
Salt Monthly Monthly 
Lake Minimum | Maximum 
Memphis Austin City Norfolk Seattk Average A verage 
8-18 6-18 12-18 10-18 6-—1¢ 
1.04 2. 80 1.20 1.18 2.82 1. 82 1. 82 
1.35 2. 86 1.41 1.15 2.62 1.93 1.93 
1.38 2.57 1.09 2.70 1. 87 1. 87 
0.8 1.6 0.5 0.¢ 1.8 * 1.2 
0.8 1.4 0.4 0.¢ 1.8 1.2 12 
1.1 4 0 0.4 0.9 0.¢ 
0.8 2.2 2.2 0.8 f 3.4 8.4 
0.9 2.5 2.5 1.0 6. { 3.8 3. 8 
1.2 2.0 0.8 3.1 3.1 3.1 
1.8 3.5 2.0 1.5 3.9 2.8 2.8 
1.9 3.3 2.7 1.4 4.2 ee 2.9 
1.7 2.9 1.2 4.2 2.8 2.8 
4.0 <2 1.0 1.2 3. Ye 2.4 
1.6 6.0 1.0 OO 2 { i 2.4 
<2 <3 2.0 3.0 1 2.4 
110 115 40 60 46 47 
100 60 } 90 220 82 82 
115 90 3 18 71 7 
18 28 7 15 30 20 20 
19 34 9 16 41 24 24 
27 26 18 4( 2 >g 
40 140 50 70 170 99 99 
5 105 90 4 260 139 139 
90 135 45 260 136 136 
<20 <30 <10 <20 10 0 14 
<20 <30 <10 <20 10 0 14 
<20 <30 <20 10 0 15 
<20 <30 <10 <20 10 0 14 
<20 <30 <10 <20 10 0 14 
<20 <30 : <20 <10 0 15 
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FIGURE 2.—RADIONUCLIDES IN INSTITUTIONAL DIET SAMPLES—AVERAGE 
OF INSTITUTIONS 


80 percent of the samples containing between 1.5 
and 4.0 g/day. 


Total radium intake ranged between less than 1 
and 11 pe/day with all but four of the analyses 
being less than 5 pe/day. 


Strontium-89 intake ranged between less-than- 
5 and 260 pe/day. Twenty-nine percent of the 
intake values were between less-than-5 and 20 
pe day. For purposes of comparison the FRC 
range II for strontium-89 is 200 to 2000 pe/day 
(3). The maximum strontium-—90 intake during 
this quarter was 59 pe/day. Comparison shows 
that 48 percent of these values were below 20 
pe/day. The FRC range II for strontium—90 is 
20 to 2000 pe /day (8, 4). 


Although the intake of cesitum-—137 ranged from 
20 to 475 pe/day, the distribution shows a pro- 
nounced peak between 40 and 120 pe /day formed 
by 55 percent of the results. 
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Both barium-140 and iodine-131 were below the 
limits of detectability during this quarter. 
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FIGURE 3.—DISTRIBUTION OF THE NUMBER OF SAMPLES VERSUS THE INTAKE OF STABLE MATERIALS 
IN INSTITUTIONAL DIETS FOR APRIL-JUNE 1963. 
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FIGURE 4.—DISTRIBUTION OF THE NUMBER OF SAMPLES VERSUS THE INTAKE OF RADIOACTIVE MATER- 
[ALS IN INSTITUTIONAL DIETS FOR APRIL-JUNE 1963 
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Tri-City Diet Study’ 
February—April 1963 








Joseph Rivera 2 


Since March 1960, the Health and Safety Lab- —__ purchased basis. Before the food samples for the 
oratory, through its quarterly diet study, has made Tri-City Diet Study are ashed for radiochemical 


estimates of the strontium-—90 content of the aver- analysis, they are prepared to a certain degree as 
age diet of individuals living in New York City, if for actual consumption. For example, fruits 
San Francisco, and Chicago. are peeled, eggs are shelled, and poultry is de- 


Selected foods representing 19 food categories boned. Therefore, concentrations of radioactivity 
are purchased at each of these three cities about in foods as reported in the Tri-City Diet Study are 
every 3 months and are analyzed for strontium-90. _ based on the trimmed weight. No correction is 
Using data from the U.S. Department of Agricul- 
ture, “Household Food Survey of 1955,” the 
annual consumption by an average individual can After two samplings at each city it was found 
be grouped into the same 19 food categories. The that the calcium content of most food categories 
annual dietary intake of strontium-90 can be at these cities did not vary, nor did it vary signifi- 
estimated by summing the contributions from cangly with time. Calcium analyses were there- 
each category. Some food types are assumed to be fore discontinued and average calcium content of 
representative of larger food categories, sucn as foods was computed and used to estimate the 
liquid milk for dairy products in general. 

The consumption data from the “Household 
Food Survey of 1955” are based on a weight-as 


made for waste. 


average annual intake of this mineral. The spe- 
cific numbers used to calculate calcium intake 
are given in HASL-113 (1). 


‘ Summarized from Fallout Program Quarterly Summary 1 . aine , ograms 1 
Report, HASL 140:163-165, Office of Technical Services, Results obtained from the ae twelfth 
Department of Commerce, Washington 25, D.C., (October sampling (February—April 1963) are presented in 
1963), price $3.50. . - wanmats 7 ‘me » daily 

? Mr. Rivera is a physicist on the staff of the Environ- table 1. The variation with time of the daily 
mental Studies Division, Health and Safety Laboratory, intake of strontium—90 in the three cities is plotted 
U.S. Atomic Energy Commission, 376 Hudson Street, New 7 
York 14, New York. in figure 1. 


TARLE 1.—AVERAGE PER PERSON DIETARY CONSUMPTION AND STRONTIUM-90 INTAKE—TWELFTH 
SAMPLING, FEBRUARY-APRIL 1963 

















| Average U.S. New York City Chicago San Francisco 
consumption February 1963 April 1963 March 1968 
Food category 
diet Calcium 

| kg/yr (g/yr) | pe/kg pe/yr pe/kg pe/yr pe/kg pe/yr 

] 
ee ——— 37 | $7.0 | 917.1 41.2 633 22.5+1.4 832 10.9 +1.1 403 
Whole grain products... ....-..-...-.-.-. 11 | 10.0 28.6 +1.4 3.5 50.1+0.2 551 21.8 +1.2 235 
Se SL SE Se ee eer een 16 9.1 Lost b19 3.8 +0.2 11 18+0.1 29 
i a een eke ee 43 15.0 6.8 + 0.6 292 9.52+0.5 409 19+0.4 82 
EOE | | 17 6.1 11.6 +0.5 197 5.9 +0.5 100 4.7+0.3 80 
RSS EEE 221 234.3 11.4 +0.5 2,519 9.6 +0.5 2,119 7.6+0.3 1, 680 
ae npg the mibninieae heb wal 17 | 9.2) 3.7+0.1 63 2.6+0.2 44 2.1+0.2 36 
Ee cine ah cals aces ws udcleret ae aie 8 | 10.8 2.4+0.1 19 0.5+0.1 4 1.3+0.1 10 

at neiietind, pith aiek daietnsds eile lands bakit as inane 43 8.6 18.0 +0.5 774 10.8 +0.5 462 3.6+0.2 155 
LL) on at os neeleiorinheaenkaita aaa 3 0.7 10.1 +0.4 30 17.2 +0.5 51 8.3 +1.6 25 
AE A it Ses te asbatsstsce.doiran detivint dtr ichcich etegeminiel 3 1.1 1.9 +0.2 6 2.8+0.8 16+0.3 5 

ee eo eedunneeareinaaa 73 10.9 0.9 +0.1 66 1.3+0.1 94 16+0.1 117 
i TN aaah ha te at tnt nis wins dh ahahaha 1 0.8 14+0.2 1 1.0+0.2 1 1020.1 1 
ERED EN RS SORE ane 3 2.9 13.2 + 1.6 40 30.2 +1.7 90 9.4+1.4 28 
TE din nak tr a enlnceeh ace dcadaieiabanobacbietee 68 13.6 19.2 + 0.6 1, 307 2.7+0.3 182 3.4+0.2 214 
Rte Wilt uli cate aiibbinnascetnin eminent 45 5.8 5.0 +0.6 225 3.3+4+0.4 148 1.7 +0.3 76 
IE. oss ckdncaducaedvdeocdoceaae 26 1.3 1.1+0.1 29 1.5+0.1 39 1.9+0.2 49 
len wcinein waen deanna 19 ..7 2.9 +0.2 55 4.2+0.2 80 2.324+0.4 44 
Pe SE cn ctidancetaéosce wows 20 4.2 6.8 +0.3 136 6.1 +0.5 121 2.5 +0.6 50 
EE Se Se 674 283 6, 726 5, 346 3, 309 
ee a, ee Ce 18 14 8.6 





* Error terms are one standard deviation (due to counting). 
> Estimated from November 1962 sampling. 
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FIGURE 1.—DAILY INTAKE OF STRONTIUM-90 IN 
TRI-CITY TOTAL DIETS 


Discussion 


The trend of increasing daily intake of stron- 
tium-—90 at each of the three cities, which stayted 
after the resumption of atmospheric testing of 
nuclear weapons by the U.S.S.R. in September 
1961, is seen in figure 1 to have continued through 





the winter of 1962-1963. The previously noted 
geographic pattern of distribution of strontium-90 
in the diet is seen to persist in the last sampling: 
New York City has the highest levels. San 
Francisco the lowest while Chicago has inter- 
mediate levels. Partly due to its high annual 
consumption, milk continues to be the predomin- 
ant source of strontium—90 in the diet. 
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HASL-113:85-89, Office of Technical Services, Depart- 
ment of Commerce, Washington 25, D.C. (July 1, 1961), 
price $2.50. 


Recent coverage in Radiological Health Data: 


Period Issue 





Seventh sampling (November 
1961 February 1962) 
Eighth sampling (April 1962) 
Ninth sampling (June—July 
1962) March 1963 
Tenth sampling (August- 
September 1962) 
Eleventh sampling (Novem- 
ber-January 1963) 


September 1962 
January 1963 


June 1963 
September 1963 





Strontium-90 and Cesium-137 Content of Beef and Beef Products, 1960-1962 


Meat Inspection Division, U.S. Department of Agriculture 


A small-scale surveillance program to determine 
the concentrations of strontium—90and cesium-—137 
in meat from various geographical areas of the 
United States was initiated by the U.S. Depart- 
ment of Agriculture (USDA) in 1960. Approxi- 
mately four-pound samples of beef rib meat were 
removed from cattle carcasses by the Department’s 
meat inspectors at the time of slaughter. These 
samples were then chilled and air-mailed to the 
USDA laboratory. The samples were ashed at 
450°-500° and the ash was then sent to a contract 
laboratory for analysis of strontium-90 and 
cesium-137. The ash was fused with sodium 
carbonate. The residue was then dissolved in 
hydrochloric acid, the strontium and calcium were 
precipitated as oxalates, and the cesium was pre- 
cipitated as phosphomolybdate. 

Laboratory procedures for determining stron- 
tium-—90 involved: separating the strontium from 
the calcium with concentrated nitric acid, scaveng- 
ing the radium and lanthanides with barium 
chromate, isolating the yttrium-90 after secular 
equilibrium, plating on a planchet and measuring 
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the activity in a thin-window gas-flow proportional 
counter. 

The final steps in the cesium-—137 procedure in- 
volved plating the phosphomolybdate precipitate 
on a planchet and measuring the activity in a 
thin-window gas-flow proportional counter. 


Beef 


Strontium—90 and cesium-137 contents of beef 
samples are shown in table 1, according to 
slaughtering location and slaughtering date. The 
city indicated is not necessarily the point of origin 
of the cattle. 


Soup Stock 


In 1961, the program was altered to analyze 
simulated beef soup stock for strontium—90 and 
cesium-137. Beef bones with a small amount of 
meat adhering were digested in an open kettle over 
an extended period of time to determine degree 
of transfer of radionuclides from bone to solution. 
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TARLE 1.—STRONTIUM-90 AND CESIUM-137 IN BEEF RIB MEAT, 1960 


[Concentrations in pe/kg wet weight 


Strontium-90 


Slaughter point interval 
(1960) Number of Number of 
samples Average Range samples A verage Rang 

California: San Francisco 6 /30—8/16 4 2.0 1.0- 5.0 4 2.0 1.0- 3.0 

Stockton . . “ae 6 /30—7 /21 4 1.2 1.0—- 2.0 4 4 1.0- 6.0 
Georgia: es 8/5 —8/25 5 5.2 3.6- 9.8 f 9.7 1. 1-32.4 
Iowa: Glenwood . . .__.--- é 6/4 1 14.0 0 

0 ee 7/18 1 13.0 1 2.0 
Maryland: Baltimore - 8/15—8/22 5 4.0 0.8- 8.8 6.7 0.2-21.6 
Minnesota:  - as 7/18—8/10 & 2.9 0.4-10.2 s 4 2 2 
Nebraska: TERNS 4/6 4/25 11 3.2 »8- 8.2 11 0.6 ).1- 2.9 
Nevada: I eee 7/1 1 1.2 l 9.3 
Oregon: EES 6/14 1 2.0 1 1.0 
Pennsylvania: Harrisburg... -_-.-.-_--- 4/29 1 1.0 1 0.2 
Texas: Ft. Worth...........| 7/18—8/8 11 2.5 1.0 2 10 4.7 0.2-14.8 
Washington: Seattle_- ; §/24—7/5 26 2.2 0.5- 6.7 22 8 0.2-18.5 

_ ES A 5/23—6/7 16.0 8. 0-33.0 } 7 1.0—- 9.0 

TARLE 2.—STRONTIUM-90 AND CESIUM-137 IN BEEF SOUP STOCK, 1961 
{Concentrations in pe/kg solution* 
Strontium-90 Cesium-137 
Collection Number of 
Collection point date samples 
(1961) Average Range A verage Rang 

Se, Oe I een dntnncndedwnscenad October 11 13 2.3 0.9 2 13.4 1.9-27.3 


* Concentration in soup stock solution after digestion of bones and meat. 


The liquor, representing the cooked water extract 
of the bones and the adhering meat, was then ashed 
and analyzed for strontium-90 and cesium-137 
using the same procedure as for beef rib meat 
through the step of precipitating the calcium and 
strontium as oxalates and precipitating the cesium 
as a phosphomolybdate. The precipitates were 
then plated onto separate planchets and counted 
in a thin-window gas-flow proportional counter 
without further processing. 

Strontium—90 and cesium—137 found in the beef 
stock are expressed in table 2 as pe/kg stock 
solution. Thirteen samples were collected at 
Camden, New Jersey, although the cattle prebably 
originated in other areas of the country. An 
undetermined part of the radionuclide levels 
found could have been contributed by the water 
during cooking. It is felt that the results represent 
the highest degree of contaminant extraction 
likely in soup stocks. 


Meat Products 


Since most of the ingredients used by the meat 
packing industry are found in meat preducts, the 
sampling program was altered in 1962 to include 
the analysis of meat products. The samples were 
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ashed and the analytical procedure was carried 
out in a manner similar to that for beef rib meat 
except in the final steps. After the radium and 
lanthanides had been scavenged, the yttrium-—90 
was extracted with tributyl phosphate (TBP) and 
the activity was measured in a thin-window gas- 
flow proportional counter. 

Strontium-—90 concentrations in meat products 
are arranged alphabetically in table 3 by product 
sampled and city of processing. The results 
probably reflect the upper levels of strontium—90 
contamination to be encountered in meat products 


TARLE 3.—STRONTIUM-90 IN MEAT PRODUCTS, 
1962 
Num- Strontium-90 
ber of Collection concentration 
Product and sampling point sam dates pe/kg original 
ples 1962 material 
Bologna, all meat 
California: San Francisco 1 | July ». 1 
Louisiana: Springhill : 1 | July 3.0 
Bologna with cereal 
Minnesota: St. Paul 1 | July 30 0 
Bologna with nonfat dry milk 
Minnesota: St. Paul 2 | July, Aug 1 *1.6 (1. 4-1. 8) 
Frankfurters, all meat 
D.C.: Washington 3 l August 1 1.8 
Minnesota: St. Paul ‘ 1 | July 31 1.4 
Frankfurters with cereal 
California: Los Angeles. . l July a7 
Frankfurters with nonfat dry milk 
Texas: Fort Worth . 1 July 30 0.2 


* Actual values indicated in parentheses. 










































Radioactivity in Raw Surface Waters 


NATIONAL WATER QUALITY NETWORK 
June 1963 


SECTION III. 


—WATER 


Division of Water Supply and Pollution Control, Public Health Service 


Levels of radioactivity in surface waters of the 
United States have been under surveillance by the 
Public Health Service National Water Quality 
Network since its initiation in 1957. Beginning 
with the establishment of 50 sampling points, this 
network has expanded to 127 stations as of October 
1963 (figure 1), operated jointly with State, 
Federal and local agencies and industry. Surface 
waters of all major river basins of the United States 
are sampled for physical, chemical, biological, and 








These data can be used for 
evaluating sources of radioactivity which may 
affect specific domestic, commercial, and recrea- 


radiological analyses. 


tional uses of surface water. Further, the network 
provides background information necessary for 
recognizing pollution and water quality trends and 
for determining levels of radioactivity in which the 
population may be subjected. Data assembled 
through the network are published in an annual 
compilation (1-6). 
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FiGurRE 1.—TOTAL BETA ACTIVITY (pe/liter) INSURFACE WATER AT NATIONAL 
WATER QUALITY NETWORK SAMPLING STATIONS, JUNE 1963 
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Station 


Allegheny River: 
Pittsburgh, Pa_-- 
Animas River: Cedar 
Hill, N. Mex 
Apalachicola River: 

Chattahoochee, Fla 
Arkansas River: 
Coolidge, Kans 
Ponca City, Okla 
Fort Smith, Ark 
Pendleton Ferry, 
Ark 
Bear River: Preston, 
Idaho 
Big Horn River: 
Hardin, Mont 
Big Sioux River: Sioux 
Falls, S. Dak 
Chattahoochee River: 
Atlanta, Ga 
Columbus, Ga 
Lanett, Ala 
thena Slough: 
Fairbanks, Alaska 
‘learwater River: 
Lewiston, Idaho 
‘linch River: 
Clinton, Tenn 
Kingston, Tenn . 
Yolorado River: 
Loma, Colo 
Page, Ariz__- 
Boulder City, Nev 
Parker Dam, Calif- 
Ariz _ . 
Yuma, Ariz 
Yolumbia River: 
Northport, Wash 
Wenatchee, Wash 
Pasco, Wash 
McNary Dam, Ore 
Bonneville, Ore _ . - 
Clatskanie, Ore - 
Sumberland River: 
Clarksville, Tenn 
Yonnecticut River: 
Wilder, Vt me 
Northfield, Mass - 
Enfield Dam, Conn 
Cuyahoga River: 
Cleveland, Ohio 
Delaware River: 
Martins Creek, Pa 
Trenton, N. J a 
Philadelphia, Pa --- 
Escambia River: 
Century, Fla 
Great Lakes: 
Duluth, Minn 
Sault Ste. Marie, 
Mich. _. : 
Milwaukee, Wisc- .- 
Gary, Ind 
Port Huron, Mich-. 
Detroit, Mich 
Ue, I. Recceus 
Green River: Dutch 
John, Utah , 
Hudson River: Pough- 
keepsie, N. Y--- 
Illinois River: 
Peoria, Ill 
Grafton, Ill__- 
Kanawha River: Win- 


~ 


~ 


~~ 


— 


—_ 


i 


field Dam, W. Va- 


Klamath River: Keno, 
Ore ” 
Kansas River: De 
Soto, Kans. 
Maumee River: 
Toledo, Ohio 
Little Miami River: 
Cincinnati, Ohio 
Merrimack River: 
Lowell, Mass. . - -- 
Mississippi River: 
St. Paul, Minn 
Dubuque, Iowa _ _- 
Burlington, Iowa_- 


E. St. Louis, Ill__-_- 


616 





TAPLE 1.—RADIOACTIVITY IN RAW SURFACE WATERS 


[Average concentrations in pc/liter] 


June 1963 


Alpha activity 


Sus- Dis- 
pended | solved | Total 


0 0 
0 l 
0 <1 <1 
8 24 ~ 
5 3 
2 0 
7 1 
0 2 
40 3 43 
1 4 
0 0 
0 0 
1 0 
1 0 
0 0 
<1 1 
2 1 
2 6 | 
<1 9 
0 2 
0 6 
0 10 10 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 0 
0 0 
<1 1 
0 0 
1 1 
l 1 
18 0 1 
0 0 
0 0 
0 0 
0 1 
0 1 
0 0 
0 0 
0 3 
0 1 
0 
1 2 
0 1 
0 0 
4 3 
1 <a 
0 0 
0 0 
1 1 
0 0 
0 1 
2 2 


Station 


Miss. River—Cont. 
Cape Giraudeau, Mo 
W. Memphis, Ark 
Vicksburg, Miss 
Delta, La_-_-_. 
New Orleans, La 

Missouri River: 
Williston, N. Dak. 
Bismarck, N. Dak 
Yankton, S. Dak 
Omaha, Nebr 
St. Joseph, Mo 
Kansas City, Kans 
Missouri City, Mo 
St. Louis, Mo 

Monongahela River: 
Pittsburgh, Pa 

North Platte River: 
Henry, Nebr 

Ohio River: 
Huntington, W. Va 
Cincinnati, Ohio 
Louisville, Ky - 
Evansville, Ind 
Cairo, Ill 

Ouchita River: 
Bastrop, La_. 

Pend Oreille River: 
Albeni Falls Dam, 

ie ae 

Platte River: Platts- 

mouth, Nebr 

Potomac River: 
Williamsport, Md_. 
Great Falls, Md 

Rainy River: 
Baudette, Minn 
International F's., 


Minn : 
Red River, North: 
Grand Forks, N. Dak 
Red River, South: 
Denison, Tex. _.--- 
Index, Ark . 
Bossier City, La-- 
Alexandria, La_--- 
Rio Grande River: 
Alamosa, Colo . . 
El Paso, Tex 
Laredo, Tex____-_- 
Brownsville, Tex. 
Roanoke River: John 
H. Kerr Resr. & 
Dam, Va ee 
Sabine River: Ruliff, 
ees PATE 
Sacramento River: 
Courtland, Calif-_-_-- 
San Joaquin River: 
Vernalis, Calif. -_ .-- 
San Juan River: Ship- 
rovk, N. Mex._-- 
St. Lawrence River: 
Massena, N. Y 
Schuylkill River: 
Philadelphia, Pa 
Savannah River: 
North Augusta, Ga 
Port Wentworth, Ga 
Shenandoah River: 
Berryville, Va 
Ship Creek: Anchor- 
age, Alaska 
Snake River: 
Ice Harbor Dam, 
Jash : 
Wawawai, Wash _. . 
Payette, Idaho 
South Platte River: 
Julesburg, Colo _ _ - 
Spokane River: Post 
Falls, Idaho _ _ - 
Susquehanna River: 
Sayre, Pa... . 
Conowingo, Md 
Tennessee River: 
Lenoir City, Tenn_- 
Chattanooga, Tenn 
Bridgeport, Ala. - 











pended solved | Total 
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TABLE 1.—RADIOACTIVITY IN RAW SURFACE WATERS—Continued 


[Average concentrations in pc /liter| 

















| June 1963 June 1963 
Be ta activity Alpha activity Beta activity Alpha activity 
Station SE ie KS Simchos Station 
Sus- | Dis- Sus- Dis- Sus- Sus- Sus- Sus- 
pended | solved | Total | pended | solved Total pended | solved Total (pended solved | Total 
| | Willamette River: 
Pickwick Landing, Portland, Oreg 2 2 { 0 0 0 
| aa 13 19 32 1 0 1 Yakima River: Rich- 
Tombigbee River: land, Wash 0 11 11 0 1 1 
Columbus, Miss- - - - 70 26 96 2 0 2 Yellowstone River: 
Truckee River: Farad, Sidney, Mont 496 41 137 35 2 37 
<a 48 19 67 0 0 0 
Verdigris River: 
Nowata, Okla---_- -- 56 47 103 2 0 2 Maximum 896 185 1, 047 78 28 89 
Wabash River: New Minimum 0 2 4 0 0 0 
Harmony, Ind_ _-_-- 113 44 157 5 1 6 
Note: These data are preliminary; reanalysis of some samples may be made and additional analysis not completed at the time of the report may becom 
available. For final data, one should consult the network’s Annual Compilation of Data (6). 
The participating agencies collect weekly one- for the time of counting and are not corrected by 
liter “grab’’ samples each week and ship them to extrapolation to the time of collection. 
the Public Health Service Jaboratory in Cincinnati The analytical method used for determining 


for analysis. Determinations of gross alpha and gross alpha and beta radioactivity is described in 
gross beta radioactivity in the suspended and the eleventh edition of “Standard Methods for the 
dissolved solids and of strontium—90 activity in Examination of Water and Wastewater” (7). 


the total solids are carried out on frequency sched- Suspended and dissolved solids are separated by 
ules based on need. passing the sample through a membrane filter 
Gross beta activity in each weekly sample was (type HA) with a pore size of 0.45 microns. 


determined until essentially background levels Planchets are then prepared for counting the dis- 
were reached in January 1960. Thereafter, gross solved solids (in the filtrate) and the suspended 
beta determinations were made on monthly com- solids (on the charred membrane filter) in an 
posites of the weekly samples received from all internal proportional counter. Reference sources 
stations, except those located downstream from of U;O0Os, which give a known-count rate if the 
known potential sources of radioactive waste and instrument is in proper calibration, are used for 
those from all newly established stations. (Weekly daily checking of the counters. 
alpha and beta measurements are scheduled Since the fourth quarter of 1958, strontium-—90 
routinely during the first year of operation at newly analyses have been made on three-month compo- 
established stations.) On September 1, 1961, sites of aliquots from weekly samples. Until the 
weekly determinations of gross beta activity again fourth quarter of 1961, the method used for de- 
were instituted to permit rapid detection of ac- termining strontium—90 was that described in the 
tivity due to fallout from renewed weapons testing. aforementioned reference (7). Tributylphosphate 
This practice was continued until the end of was used to extract ingrown yttrium—90 from the 
October 1962, when samples for gross beta analysis __ purified, coprecipitated strontium-90. Since that 
were again composited monthly. Gross alpha time a modification of a procedure described by 
determinations were made once monthly except Harley has been used (8). The yttrium-—90, 
where variable or high values observed during the —_ together with an yttrium carrier, is precipitated at 
first year indicated the need for more frequent PH 8.5; the precipitate is washed, redissolved, and 
measurement. reprecipitated as yttrium oxalate and the latter is 
Normally, samples are counted at the network washed and counted in a low-background, anti- 
laboratory within two weeks following collection coincidence, end-window proportional counter. 


or within one week after compositing. The decay Table 1 presents June 1963 results of alpha and 
of activity is followed on each sample that shows _ beta analyses of U.S. raw surface waters. These 
unusually high activity during the first analysis. preliminary; reanalysis of some samples and some 
Also, if a recount indicates that the original analyses which are not complete at the time of this 
analysis was questionable, values based on re- report will be included in the network’s Annual 


counting are recorded. All results are reported Compilation of Data (6). The figures for gross 


December 1963 
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alpha and gross beta radioactivity represent 
either determinations made on composite samples 
or means of weekly determinations where compo- 
sites were not made. 

In order to obtain a geographical perspective 
of the radioactivity in surface water, the numbers 
alongside the various stations in figure 1 give the 
total beta activity in suspended-plus-dissolved 
solids in raw water collected at that station. Net- 
work results for the years 1957-1962 have been 
summarized by Weaver et al (9). 
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mission. Arbitrary reference numbers 143, 144, 
and 145 were assigned by Radiological Health Data 
in respective order of the test dates, November 14, 
15, and 22. (Low yield range has been defined as 
less than 20 kilotons.) 
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UNITS AND EQUIVALENTS INTERNATIONAL NUMERICAL MULTIPLE AND 
- SUBMULTIPLE PREFIXES 





Unit Equivalent 
Multiples 
we an Prefixes Symbols Pronunciations 
billion electron volt submultiples 
epm._....._| count per minute 4 
dpm .....-.| disintegration per minute rs ee ot cal 
ram 





lkg = 1000 gm = 2.2 pounds 
square kilometer 
kilovolt peak 
cubic meter 1m? = 1000 liters 
millampere 
milliampere-second 
million electron volts 
square mile 

milliliter 

millimeter 

millirad 

millirem 

milliroentgen per hour 
millimicrocurie : 1 mgc = lI ne 

nanocurie . . . - - Cine. Ine = 1000 pe = 1 myc 

= 10~° curies 

nanocurie per square meter.| 1 nc/m? = 1 myc/m*? 

= 1,000 puc/m? = 1 mc/km? 
= 2.59 mc/mi?* 

picocurie l pe = l gsc = 10-"* curies 


r.........| roentgen 
ENE Ee 1 wpe = 2.22 dpm 


fém’ to 
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